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Descripti n 

BACKGROUND OF THE INVENTION 

5 1. Field of th Invention. 

[0001] The present invention relates to cellulase preparations and compositions having increased or decreased eel* 
lulolytic capacity. The invention further relates to a nucleotide sequence of the t}gl1 gene encoding extracellular ^ 
glucosidase from a filamentous fungi, a plasmid vector containing the gene encoding extracellular ^-glucosidase and 
10 transfonnant strains with increased copy numbers of the p-glucosidase (bgl1 ) gene introduced into the genome. More 
particularly, the present invention relates to Trichoderma reesei strains that have increased levels of expression of the 
bgll gene resulting in enhanced extracellular glucosidase protein levels that can be used in conjunction with other 
compositions to produce a cellulase product having increased cellulolytic capacity. 

15 2. State of the Art. 

[0002] Cellulases are known in the art as enzymes that hydrolyze cellulose (p-1 ,4-glucan linkages), thereby resulting 
in the formation of glucose, cellobiose, cellooligosaccharides, and the like. As noted by Wood et al., "Methods in En- 
zymology", 160. 25, pages 234 et seq. (1988) and elsewhere, cellulase produced by a given microorganism is com- 

20 prised of several different enzyme classes including those identified as exocello-biohydrolases (EC 3.2. 1.91) ("CBH"), 
endoglucanases (EC 3.2. 1 .4) ("EG"), p-glucosidases (EC 3.2. 1 .2 1 ) ("BG"). Moreover, the fungal classificatk)ns of CBH, 
EG and BG can be further expanded to include multiple components within each classification. For example, multiple 
CBHs and EGs have been isolated from a variety of bacterial and fungal sources including Trichoderma reesei which 
contains 2 CBHs, i.e.. CBH I and CBH II, and at least 3 EGs, i.e., EG I, EG II. and EG III components. 

25 [0003] The complete cellulase system comprising components from each of the CBH, EG, and BG classifications is 
required to efficiently convert crystalline forms of cellulose to glucose. Isolated components are far less effective, if at 
all, in hydrolyzing crystalline cellulose. Moreover, a synergistic relationship is observed between the cellulase compo- 
nents particulariy if they are of different classifications. That is to say. the effectiveness of the complete cellulase system 
is significantly greater than the sum of the contributions from the isolated components of the same classification. In 

30 this regard, it is known in the art that the EG components and CBH components synergistically interact to more efficiently 
degrade cellulose. See, for example, Wood, Biochem. Soc. Trans., 13, pp. 407-410 (1985). 
[0004] The substrate specificity and mode of action of the different cellulase components varies with classification, 
which may account for the synergy of the combined components. For example, the cunrent accepted mode of cellulase 
action is that endoglucanase components hydrolyze internal p-1 .4-glucosidic bonds, particularly, in regions of ksw crys- 

35 tallinity of the cellulose and exo-celiobiohydrolase components hydrolyze cellobiose from the non-reducing end of 
cellulose. The action of endoglucanase components greatly facilitates the action of exo-cellobiohydrolases by creating 
new chain ends which are recognized by exo-celiobiohydrolase components. 

[0005] p-Glucosidases are essential components of the cellulase system and are important in the complete enzymatic 
breakdown of cellulose to glucose. The p-glucosidase enzymes can catalyze the hydrolysis of alkyi and/or aryl p-E)- 
40 glucosides such as methyl p-D-glucoside and p-nitrophenyl glucoside, as well as glycosides containing only carbohy- 
drate residues, such as cellobiose. The catalysis of cellobiose by p-glucosidase is important because it produces 
glucose for the microorganism and further because the accumulation of cellobiose inhibits cellobiohydrolases and 
endoglucanases thus reducing the rate of hydrolysis of cellulose to glucose. 

[0006] Since p-glucosidases can catalyze the hydrolysis of a number of different substrates, the use of this enzyme 
45 in a variety of different applications is possible. For instance, some p-glucosidases can be used to liberate aroma in 
fruit by catalyzing various glucosides present therein. Similarly, some p-glucosidases can hydrolyze grape monoter- 
penyl p-glucosidase which upon hydrolysis, represents an important potential source of aroma to wine as described 
by Gunata et al, "Hydrolysis of Grape Monoterpenyl p-D-Glucosides by Various P-Glucosidases". J. Agric. Food Chem. , 
Vol. 38. pp. 1232-1236 (1990). 

50 [0007] Furthermore, cellulases can be used in conjunction with yeasts to degrade biomass to ethanol wherein the 
cellulose degrades cellobiose to glucose that yeasts can further ferment into ethanol. This production of ethanol from 
readily available sources of cellulose can provide a stable, renewable fuel source. The use of ethanol as a fuel has 
many advantages compared to petroleum fuel products such as a reduction in urban air pollution, smog, and ozone 
levels, thus enhancing the environment. Moreover, ethanol as a fuel source would reduce the reliance on foreign oil 

55 imports and petrochemical supplies. 

[0008] But the major rate limiting step to ethanol production from biomass is the insufficient amount of p-glucosidase 
in the system to efficiently convert cellobiose to glucose. Therefore, a cellulase composition that contains an enhanced 
amount of p-glucosidase would be useful in ethanol production. 
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[0009] ContrarilyJnsomecasesJtisdesiraWetoproduceacellulasecompositionwhichis^^^^^^^ 

iree of p-glucosidase. Such compositions would be advantageous In the production of cellobiose and other cellool. 

^Jlucosldases are present In a variety of prokaryotic organisms, as well as eukaryotic °^93"i^m^^^;^ 9«"^ 
enJingHlucosldase has been clonedfrom several prokaryotlco,ganismsandthgene.saW^^ 
of detedabte amounts of protein In EcoH without requiring extensive genetic ngineenng. although. some cas s. 
«,upling with a promoter provided by the vector Is required. However. Hlucosidases are not produc d by such or- 

fotr p:"1uS;"^^^^^ Often cannot be expressed and detected after transform™ 

eukaryotic host. Thus, in order to use fungal strains, fungal genes would have to be cloned using methods descnbed 

herein or by detection with the T. reesel bgll gene by nucleic acid hybridization. ,. . ^ k 

[0012] The contribution and biochemistry of the p^lucosldase component in cellulose hydrolysis .8 comph^t^ by 

he apUnt multiplicity Of enzyme fomis associated withTree^ and other fungaso^^^^ 

of Trichodermareesei and Aspergillus niger p-glucosidase", J. Appl. Biochem., Vol. 3 PP. "^^.^ 

a 'a constitutive, plas ma r^embrane bound p-glucosidase in Trichodemia reesei". FEMS Microbiology Letlgp, Vol 

M PP 291-295 (1986): Jackson et al. "Purification and partial characterization of an extracellu ar Nlucosidase of 

Tri^hodem^a reesei using cathodic run, polyacrylamide gel electrophoresis". 

(1988)). These and many other authors report p-glucosidase enzymes ranging m size from 70-80 Kd an« P™ 
7 5-8 5 More recent data suggests that the extracellular and cell wall associated fomis of p-glucosidase are the same 
entyme (Hofer et al, "A monoclonal antibody against the alkaline extracellular p-glucosidase 
realty w«h other Vnchoderma p-glucosidases". Biochim. Biophys. Acta. VoL 992. pp. 288-3389); ^^^^^^^ 
Kubicek "Evidence ^^Ti^^specificp-glucosidase in cell walls from Trichodemia reese. QM94 4 Enzyme^ 

TeS Vo 12 pp. 685-690 ( 1 990)) and that the variation In size and pi is a result of post translational modificatran 
SSogeneous methods of enzyide purification. It is unknown whether the intracellular M^^^^^^ 
a pi of 4.4 and an apparent molecular weight of 98.000 is a novel p-glucosidase (Inglin et f'^^^'^;^^!^"^^,^^ 
characterization ofanewintracellularp-glucosidase of Trichode^ 

or a proteolytic fragment of the alkaline extracellular ^glucosidase associated with another protein Hofer et 
?001 3] Since a major part of the detectable p-glucosWase activity remains bound to the ceN wall (Kubicek Release 
of carboxymethylcellulase and p-glucosidase from cell walls of Trichodemia reesei" . Eur. X ^PP'" f Y"^^^' 
on 226-231 (1981)- Messner and Kubicek. syera; Messner et al. "Isolation of a p-glucosidase binding and activating 
'^l^J'a^ fl^^a^ of Trichoden^ eesei". Arch. Microbiol- Vol. 154. pp. 150-155 (1990)). commeroial 
Srol^rations of cellulase are thought to be reduced in their ability to produce glucose because of relatively tow con- 
centrations of B-qlucosidase in the purified ceWulase preparation. 
S TO oveJome the problem ^f p-glucosidase being rate limiting in the P«-f 

Sulise produced by a filamentous fungi, the art discloses supplementatton of the cellutolytic system erf I^gJ^ 
reesei with the p-glucosidase of Aspergillus and the results indicate an increase in rate of sacchanfication of cellulose 
^^te S^^iote^^ 

p-glucosidase activitv in Trichoderma reesei as Illustrated in Sternberg et al. Can. J. Microbio , 23 39 (1977) and 
Signu et al, Biotechnol. Bioeng. . 23, 1837 (1981). and mutant strains obtained by ultraviolet '""^aton have been 
reported to en hance the product! of p-glucosidase In Trichodemia ^eeseL Although these ^J"^*"*"^ '"^^ 
;;,^.,.K ,nfp.ninc^idase in Trichodemia reesei. the methods lack practicality and, in many instances, are 

r;;7Tyj]):il!y 'nni h ^r^n of Tnchodemia reesei or other filamentous fungi that 

Lount of ^glucosidase would be ideal, not only to produce an efficient cellulase system, but to *"'*er use ^e m- 
creased levels of expression of the ball gene to produce a cellulase product that has increased cellutolytic capacity. 
Such a strain can be feasibly produced using transformation. , ^ ■ 

[0016] But. in order to transfom, mutant strains of Trichodemia reesei or other filamentous fungi, the arnirK, acid 
sequence of the boll gene of Irichodenn^^ 

bgn gene can be dSned and introduced into mutant strains of Trichodemia reesei or other A'amentous fijngL ^ 
m-^i] Additionally, once the ball gene has been identified, infomiation withm linear fragments o^t^e^gene can 
be used to prepare strains of T^odemia reesei and other filamentous fungi which produce cellulase compositions 

mm ^Singly." this invention is directed, in part, to the characterization of the ball gene that encodes for extra- 
SuSr or cell wall bound p-glucosidase from Iricfjo^ 

Sected to the ctoning of She ball gene into a plasmid vector that can be used in the transfomiation P"C«ss and to 
Suce the bgll gene into li ^Trichodemia reesei or other filamentous fungi genome in ^P-flj^^^Jy 
ge^Sg trairmed strains which produce a cellulase composition having a significant increase in p-glucos«lase 
activity Moreover, cellulase compositions that contain increased cellutolytic capacity are also disclosed. 
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[0019] This invention is further directed, in part, to altered copies of the bgh gene which may change the properties 
of the enzyme and which can be reintroduced back into the Trichoderma reesei or other filamentous fungi g noma. 

SUMMARY OF THE INVENTION 

5 

[0020] The amino acid sequence of the extracellular or cell wall bound p-gluoosldase protein from Trichoderma reesei 
has now been obtained in sufficient detail to enable the bgl1 gene to be cloned into a suitable plasmid vector. The 
plasmid vector can then be used to transform strains of filamentous fungi to produce transformants which have multiple 
copies of the bgl1 gene introduced therein. 
10 [0021] Accordingly, in one of its process aspects, the present invention relates to a process for expressing enhanced 
extracellular p^lucosidase in a filamentous fungus comprising expressing a fungal DNA sequence encoding enhanced 
P-glucosidase in a recombinant host microorganism, said recombinant host microorganism being a filamentous fungus 
transformed with an expression vector containing said DNA sequence. 

[0022] In yet another process aspect, the present invention relates to a process for expressing an altered extracellular 
p>glucosidase in a filamentous fungus. 

[0023] In another aspect, the present invention is directed to the amino acid sequence of extracellular p-glucosidase 
from Trichoderma reesei. 

[0024] In yet another aspect, the present invention is directed to use of a nucleic acid fragment comprising the entire 
or partial nucleotide sequence of the T. reesei extracellular p-glucosidase gene as a probe to identify and clone out 

20 the equivalent bgll gene from other p-glucosidic filamentous fungi. 

[0025] In one of its composition aspects, the present invention is directed to novel and useful transformants of Tri- 
choderma reesei, which can be used to produce fungal cellulase compositions, especially fungal cellulase compositions 
enriched in p-glucosidase or deleted of p-glucosidase. Also contemplated in the present invention is the alteration of 
the bgl1 gene and the introduction of the altered bgl1 gene into T. reesei to produce transfomnants which can also be 

25 used to produce altered fungal cellulase compositions. 

[0026] In another composition aspect, the present invention is directed to fungal cellulase compositions prepared 
via the transformed Trichoderma reesei strains. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0027] 

Fig. 1 is the nucleotide sequence and deduced primary amino acid structure of the entire T. reesei bgl1 gene. 
Fig. 2 is a schematic representation of the vector pSASP-glu . 
35 Fig. 3A is a figurative representation of the vector pSASAgGlu bal pyr (A36). 

Fig. 3B is a figurative representation of the vector pUCAfr-Glu A/R pyr (A12). 

Fig. 4 represents a Northern blot of total RNA isolated from the transfomied strains of Tnchoderma reesei following 
induction with sophorose using the probes of cbh2 and a 700 bp firagment of bgh cDNA. 
Fig. 5A represents an autoradiograph of a Southern blot of T reesei DNA illustrating the presence of p-glucosidase 
40 gene in wild type T. reesei (RL-P37) compared to strains of T. reesei genetically modified so as to not include the 

P-glucosidase gene (A12 and A36). 

Fig. 58 represents an autoradiograph of a Northern blot of T. reesei RNA illustrating the expression of p-glucosidase 
gene in wild type T. reesei (RL-P37) compared to strains of T. reesei genetically modified so as to not include the 
P-glucosidase gene (A12 and A36). 
45 Fig. 5C represents an analysis of the proteins expressed by P37 (wild type). A12, and A36 strains of Trichordemia 

reesei and illustrates the absence of p-glucosidase in the proteins expressed by A12 and A36 strains Trichoderma 
reesei. 

Fig. 6 represents an autoradiograph of Hind 111 digested genomic DNA from a T reesei overproducing strain (lane 
9) and transfomiants of pSAS^GIu (lanes 1-8), blotted and probed with the 700 bp ^Glu probe. 
50 Fig. 7 represents a curve illustrating Avicel hydrolysis using the dosage, substrateienzyme of 80:1 from an enriched 

recombinant ^lucosidase composition produced by the present invention. 

Fig. 8 represents a curve illustrating PSC hydrolysis using the dosage, substrate:enzyme of 300:1 from an enriched 
recombinant p-glucosidase composition produced by the present invention. 

Fig. 9 represents a curve illustrating the rate of hydrolysis of a cellulosic diaper derived fibers using an enriched 
55 recombinant p-glucosidase composition produced by the present invention. 

Figs. 10A and 108 are autoradiographs of Aspergillus nidulans , Neurospora crassa , Humicola grisea genomic 
DNA digested with Hind III and Eco Rl, blott d and probed with a DNA fragment containing th bgll gene of 
Trichoderma reesei. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 

[0028] AS used herein, the term "enhanced extracellular p-glucosidase" or "enhanced ^glucosidase" means that at 
east one additional copy of a gene encoding for extracellular Hlucosidase has been introduced into the genome_ 
[0029] The term "altered Hlucosldase" or "altered ^lucosidase gene" means that the ammo acd sequence of the 
expressed protein has been altered by removing, adding, and/or manipulating the nucleic aad sequence of the gene 
or the amino acid sequence of the protein. , ^ , . ^ uk .nMA ^^um.ia 

10030] The term "by recombinant means" denotes that a microorganism has been transfomied with a DNA molecule 
created in a test-tube by ligating together pieces of DNA that are not normally contiguous. ^. ^ ^ . ^„ 

[00311 The term "cellulase free of extracellular p^lucosidase" refers to a cellulase composition which does not con- 
tain functional extracellular p-glucosidase enzyme. Such compositions are preferably ^^P^'^'^^^^'^^J;^^^^ 
tous fungi wherein the p-glucosidase gene has been either deleted or dismpted. Preferably, these compositions are 
prepared by culturing a filamentous fungi wherein the ^glucosidase gene has been deleted. 
100321 The term "filamentous fungi" means any and all art recognized filamentous fungi. 
[0033] The temi "p-glucosidic filamentous fungi" refers to those filamentous fungi which produce a cellulase com- 

position containing p-glucosidase. o o i -fe 

(00341 The term "cellooligosaccharide" refers to those oligosaccharide groups containing from 2-8 glucose unite 
having p-1 A linkages. Such cellooligosaccharides include cellobiose (diglucose having a p-1 .4- linkage) and are pref- 

Sosg'* MoS srciSrthe present invention relates to the isolation and characterization of the bgh gene coding 
for the extracellular or cell wall bound protein from Trichodenna reesej (sometimes referred to as "T.reesei ) and the 
specific nucleotide and amino acid sequence of this gene. The bflll gene is cloned into plasmid vectors, w^i.cj,^^^^ 
further used to produce transfomied strains of T. reesei and other filamentous fungi having extra copies of thejjl 
gene inserted therein. These transformants are then used to produce cellulase compositions having increased p^lu- 
25 cosidase activity and thus enhanced cellulolytic degradation. . u h 

[00361 Also contemplated by the present invention is the manipulation of the amino acid sequence in the ball gene 
itself. AHeration of the active sites on this enzyme may lead to a variety of different changes in '^ta'yt«=.«'"^^^;!'°"; 
For example, since p-glucosidase has both hydrolase and transferase activrty. alteration 'fJ^^^^^'^^^^'^^J^'r^ 
may result in the removal of hydrolase activity and an increase in transferase activity and. thus, facilitate the synthe^s 
of P 1-4 oligo-dextrins. Moreover, manipulation of ihe amino acid sequence of p-glucosidase may result in farther 
changes inLsystem.suchasdifferentpHoptima.differenttemperatureoptima.altered catalytic tumov^^^^^^ 
altered affinity (Km) for cellobiose leading to an increased affinity for cellobiose or a decreased affinity for ceHob^ 
resulting in a slower or zero rateof reactfon. altered product inhibition profile such that tower or higher levels of glucose 

will Inhibit B-glucosidase activity, and the like. ,, » « • -m 

(00371 Moreover, a nucleicacid fragmentcontainingtheentirenucleotidesequenceoftheextracellularp^lucosKlase 

gene in T reesei or a portion thereof can also be labeled and used as a probe to identify and done out the equivalent 

ball gene in other filamentous fungi. o 7nn hn 

iM38] GeneiBlly. the present invention involves the isolation of the bgll gene from T reesei by identifying a 700 l^p 
cDNA fragment of the gene which is then used as a probe to identify a single T re^ fragrnent «'"'a'ning the^ 
gene which wassubsequently cloned. Because of thespecies homology of theMlgene.aprobeemptoyingafragme^^ 

of the bgl1 gene of T. reesei can be employed to identify the ball gene in other cellulolytic microorganisms and. it is 
underslL that theloii^iiiiTg description for T. reesei could also be applied to other p-glusosidw filamentous fungi 
(00391 In the case of T. reesei. this 6.0 kb fragment is then cloned into a pUC plasmid and a senes of mapping 
Experiments are perfomiedl^fim, that the entire bghQene is contained in this fragmem. The ""c'eo«d« ^f^^^^^^ 
is then detemiined on both strands and the position of two introns can be confim«d by sequence anaj«^s of ^ 
cDNA subctones spanning the intron/exon boundaries. After isolation of the bgn gene, additional bg^ gene copies 
are then introduced into T reesei or other filamentous fungal strains to increase the expression of p-glucosid^. 
[0040] The isolation ofTh^ gene from T reesei involves the purification of extracellular p-glucosidase chemical 
and proteolytic degradation of this protein, isolatton and detemiination of the sequence of the proteolytic fragments 
and design of synthetic oligomer DNA probes using the protein sequence. The oligomercprobesarethenfa^^^^ 

to identify a 700 bp p-glucosidase cDNA fragment which can be labeled and employed to later identify a fragment that 
contains the entire ball gene within the fragment from digested genomic DNA from T. reesei. . . . ^ 

Si TO identifyiasible cDNA fragment that can be used as a probe for future analysis, total RNA is first isolated 
from T reesei myoeiia and polyadenylated RNA isolated therefrom. The polyadenylated RNA is ttien "sed to produce 
a cDNA'^SShMiich is then amplified using specific oligonucleotide primers that amplifyonly tiie specific cDNA fragment 

roiSr^More's^SSSl RNA is first isolated from a starting strain of T reesei. The starting strain emptoyed in 
the present invention can be any T re^ cellulase overproductton strain that is known in the art. This cellulase pro- 
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ducing strain is generally developed by ordinary mutagenesis and selection methods known in the art from any T. 
reesei strain. Confirmation that the selected strain overproduces cellulases can be perfomried by using known analysis 
methods. A pr ferred strain Is RLP37 which is readily accessible. 

[0043] A mycelial Inoculum from the T. r esei over production strain, grown In an appropriate growth medium, is 

5 added to a basal medium and incubated for a period of between 50-65 hours at a temp rature betw en 25''C to 32*'C. 
preferably 30°C. Fresh basal medium can be replaced during this incubation period. The cultur m dium is then can- 
trifuged, and the mycella is isolated therefrom and washed. The mycelia is then resuspended in a buffer to permit 
growth thereof and 1 mM sophorose (a p,1-2 dimer of glucose) Is added to the mycella to induce the production of 
cellulase enzymes. The mycella preparation is then incubated for an additional time period, preferably 18 hours at 

10 30*^0 prior to harvesting. 

[0044] Total RNA can be isolated from the mycelia preparation by a variety of methods known in the art. such as 
proteinase K lysis, followed by phenol:chlorofonm extraction, guanidinium tsothiocyanate extraction, followed by cesium 
chloride gradients, guanldtne hydrochloride and organic solvent extraction, and the like. It is preferable to isolate total 
RNA via the procedure described by Timberiake et al in "Organization of a Gene Cluster Expressed Specifically in the 

15 Asexual Spores of A. nidulans ," Cell, 26, pp. 29-37 (1981). The mycelia is Isolated from the culture medium via filtration. 
Then the RNA is extracted from the mycelia by the addition of an extraction buffer, TE-saturated phenol and chloroform. 
The aqueous phase is removed and the organic phase is reextracted with the extraction buffer alone by heating the 
extraction mixture in a water bath at a temperature between about 60°C to 80*^0, preferably 68°C to release the RNA 
trapped in polysomes and at the interface. All of the extracted aqueous phases are then pooled, centrifuged and re- 

20 extracted with phenol-chloroform until there is no longer any protein at the interface. The RNA Is further precipitated 
with 0.1 volume of 3 M sodium acetate and 2 volumes of 95% ethanol and pelleted via centrifugation before it is 
resuspended in DEP-water containing an RNase inhibitor. 

[0045] The total RNA is then fractionated on 1% fonnaldehyde-agarose gels, blotted to Nytran™ membranes, and 
probed using a fragment of the T reesei cbh2 gene to determine whether the genes encoding the enzymes of the 

25 cellulase system In the T reesei preparation are indeed induced by addition of the sophorose. Basically, the probe 
used in the present invention is derived from a CBH II clone produced by methods known in the art. For more specific 
detail of how the clone was produced see Chen et al, "Nucleotide Sequence and Deduced Primary Structure of Cellobio- 
hydrolase II from Trichoderma reesei ," BioAiechnology , Vol. 5 (March 1 987). Site directed mutagenesis was performed 
on the CBH II clone and a Bgl II site was placed at the exact 5' end of the open reading frame and a Nhe I site at the 

30 exact 3' end. The B^ II and Nhe I restriction fragment containing CBH II coding sequence was further cloned Into a 
pUC218 phagemld. The CBH II gene was further cut and gel isolated prior to adding a label. 
[0046] The results of the Northern blot of T. reesei RNA probed with the cbh2 probe indicated that the level of cbh2 
specific mRNA reached a peak at 14-18 hours post induction. From this data it can be inferred that the entire cellulase 
complex including p-glucosidase is induced at this time. The total RNA from 14, 18 and 22 hours is then pooled. 

35 [0047] After pooling the specific fractions of total RNA, polyadenylated mRNA is further isolated from the total RNA. 
Postranscriptional polyadenylation is a common feature of the biogenesis of most eukaryotic mRNAs. The newly syn- 
thesized mRNAs have long poly(A) tracts which tend to shorten as mRNAs age. The newly synthesized polyadenylated 
mRNA is further isolated from total RNA by methods known in the art. These methods include the use of oligo(dT)- 
cellulose, poty(U) Sepharose. adsorption to and elution from poly(U) filters or nitrocellulose membrane filters, and the 

40 like. It Is preferable to use oligo(dT) cellulose chromatography in Isolating mRNA following the procedure described 
by Sambrook et al, Molecular Cloning, A Laboratory Manual , 2nd Edition, Cold Spring Harbor Laboratory Press (1989). 
More specifically, fractions of total RNA are run through the chromatographic resin, and mRNA is eluted therefrom with 
an elution buffer. The RNA which binds to the column is enriched for RNAs containing poly(A) tails and, therefore, 
eliminates contaminants, such as rRNA and partially degraded mRNAs. It Is Important that the purification be carried 

45 out successfully such that when cDNA is synthesized from the mRNA, higher yields of mRNA copies and less spurious 
copying of non-messenger RNAs occurs. 

[0048] Total RNA and polyadenylated RNA from the preparations were further fractionated on 1 % formaldehyde gels, 
blotted to Nytran^ membranes and analyzed to confirm that the enzymes in the cellulase complex were being induced 
as polyadenylated mRNA. 

50 [0049] After isolating polyadenylated mRNA from total RNA, complementary ONA or cDNA is synthesized therefrom. 
The first strand of cDNA is synthesized using the enzyme RNA-dependent DNA polymerase (reverse transcriptase) 
to catalyze the reaction. Avian reverse transcriptase which is purified from the particles of an avian retrovirus or murine 
reverse transcriptase, which is isolated from a strain of E.coli that expresses a cloned copy of the reverse transcriptase 
gene of the Moloney murine leukemia virus can be used in the present invention. However, it is preferable to use the 

55 Moloney murine leukemia virus (M-MLV) reverse transcriptase to synthesize first strand cDNA from the polyadenylated 
mRNA population. Th amount of cloned M-MLV reverse transcriptase required may vary dep nding on the amount 
of polyadenylated mRNA used In the synthesis reaction. Usually, about 200 UI\l\ of the reverse transcriptase is us d 
per 2 to 10 fig of mRNA per reaction. 
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[0050] AlsopresentinthesynthesismixtureisaprimertointtiatesynthesisofDNA.Fordon.ngJ^ 

be used, but it is preferable to use oligo(dT) cor,taining 12-18 nucleotides in length. wh«h ^^^J^^^fP^^^^^^ 
Tx^ey terminus of eukaryotio cellular mRNA molecules. The primer is added to the reacUon m xture large meter 
Txress so t™at each moleaite of mRNA binds several molecules of oligo(dT),^ 

5 of primer having a concentration of 0.5 mg/ml. 

100511 Besides the enzyme and primer, a buffer and dNTP mix containing dATP. dCTP. dGTP. and dTTP at a final 
Sntrat?n of 500 each usua?y completes the reaction cocktail. Any buffer can be used in the present inven ion 
rfiSinScDNAsUesisthat^^^^^^^ 

of 2S mM Tris-HCI (pH 8.3). 375 mM KCI. 1 5 mM MgCI^. and 50 mM dithiothreitol. Generally, about 500 m of buffer 

" rsrMe: t^ StrnTKyntheslzed. the second strand of cDNA may be synthes^ed by a variety of methods 
Tow in the art such as hairpin-primed synthesis by denaturing the cDNA:mRNA complex, adding the Wenow fi^g- 
mem o E coli DNA polymerase or reverse transcriptase, and then digesting the hairpin loop with nuclease S1 to obtain 
rdoub J^nded S)Ja molecule, the Okayama and Berg method, the Gubler and Hoffman method, and the lika 
?he Okrvama and Berg method uses E. coli RNase H to randomly nick the mRNA. and the RNA -s replaced in the 
nick t?ansron rea 'ton by catalysis wit-hT^ DNA polymerase I. In the Okayama and Berg method. mRNA » used 
to prime DNA synthesis by the E.coli DNA polymerase I. • 

f00531 The preferred method to synthesize the second strand of cDNA is a modified method of the Gubler and 
Ean pJLS. This procedure uses EcoH RNase H. DNA Polymerase I. and DNA Ligase to fom, the second 
st^d Adually. two diffeLt methods of proceeding with the second strand synth^is can be used in he present 
frent Ion The first procedure uses RNase H to attack the RNA:DNA hybrid in a random fashion, produang nicks in 
ddi Solho^^^^^^^^ by reverse transcriptase. If too many nicks are introduced into the thej end 
message before second strand synthesis commences, fragments may be produced that are too short to "^"^n hy- 
bridiXhus. they will not be able to serve as primers. In addition, the S'-most RNA oligomer which Pnmes second 
sZaom synthesis will continue to be degraded until only two ribonucleotides remain at the 5 of the sew^^^^ 
sraJd DNA These aresubstratesfbrthepolymeraselRNaseHactivlty.and the remaining nucleotides w^^ 
Sleaves the 3- end of the first strand cDNA single stranded, making it a substrate for the 3' exonuclease activity of 
Polvmerasel The result is a population of cDNAs. which are blunt-ended. ^ .u 

roOM] An attentive meth(5i^ 

RNA in he hybrid. DNA polymerase I is then used for synthesis. Generally, about 500 units at a concentration 
o 10 UMI o^DNA ilymerase I fe used. After second strand synthesis. RNase H Is added after removal of the DNA 
oolvme asfl to prol^ duplex, which is entirely DNA. except forthe surviving capped RNA 5 oligonucleotide. 
£T The seSLnd synthesis by either procedure set forth above usually takes place In the presence of a 
uffer'anl dNTP mix. Any buffering system that Is known in the art for se~nd s^nd cDNA s^thesis can ^ used 
however it is preferable to use a buffering system containing 188 mM Tns-HCI. pH 8.3 906 mM KCI. 100 mM 
Ssol 46 r^M MgCla. 37.5 mM dithiothreitol. and 1 .5 mM NAD. The dNTP mix preferably contains 10 mM dATP. 

i^oser^Jesrn^si^:^^^^^^^^^ 

and reagents used to synthestee cDNA in the present invention are the BRL cDNA Synthesis SysterpR (Bethesda 
Research Laboratories, Gaithersburg. Maryland) and the Librarium System (Invitrogen San D'«9°; fA) . 
roosT At this point a pool of cDNAs. a small portion of which code for the bgH gene, is present after second strand 
iynSLi^ anL"^ Vcation of only the specific bgh gene fragment in the cDNA pool Is crucial tor the isotetion erf 
the SJucosidase gene, specrfic primers were designed to amplify the cDNA fragment encoding I JSg.^^ 
genefn the polymerase chain reaction (PGR). The primers used are degenerate pnmers designed to hybridize to the 
45 rDNA Of the ball aene encoding the N-tenninus and an internal CNBr fragment. 

^58] n gSSra" it is difficullto isolate the bgh gene because the amino acid sequence of the Prote.n does n^ 
M sl«ient amino acids which are coded for by unique nucleic acid triplets and thus 
Sb^oodegeneratetospedfically amplify the ball gene in the PGR reaction. However, in th,^^^^^^ 

we^ designed by examining the amino acids of the region targeted, for amplification of "J^^"--® 
^.^shig Lions which will require a reduced degree of degeneracy in the genetic code. Codon bias in Iiegse. for 
SS^^ othe c^Hurase genes such as cbhl . cbf^ egll , and the like was also taken into account when designmg ^e 
oSgZdSde primers More specificalTcod^bias Is based on various genes in the strain T ^^J^J^^^'^^l 
a pr^erred nucleotide triplet encoding different amino acids. By analyzing this codon bias ^n^^-f " f '^/^'^ 
particular nucleotide sequence coding for an amino acid would be preferred. For exampte, '^'^^'^JJ^^ 
renesfromT.reeseipretertheCCUcodingfortheaminoaddp,oline.Thus.^^^^^^^^^^^ 

the CUG sequ"i^would be the preferred choice for leucine, rather than the other triptets (CUU. CUC. CUA. UUA 
\w^%^l^r^. afi^selSion of an N-temiinal region and an internal region as primers for amplification pur- 
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poses, the primers were designed by inserting a non-specific base inosine into the wobble position of the primer for 
the N-terntinus and using a pool of sixteen variable primer sequences for the internal primer. Basically, the creation of 
degenerate primers is described by Compton in "D gen rate Primers For DNA Amplification" and Le et al In "cDNA 
Cloning Using Degenerate Primers" in PCR Protocols: A Guide to Methods and Applications, published by Academic 
5 Press (1990). 

[0060] Using the primers described abov . the cDNA sequences encoding the amino tenminal region of the bgll 
gene is then selectively amplified using PCR. The amplification method consists of an initial, denaturing cyde of be- 
tween about 5 to 15 minutes at 95''C. followed by a 1-7 minutes annealing step at a temperature between dS^'C and 
55°C and preferably between 45''C and 55°C and a 5-15 minutes polymerization cycle at 65^C. It is preferable, however, 
10 to use a 10 minute initial denaturing cycle, followed by 2 minutes of annealing at 50^C and a 10 minute, and preferably 
a 30 minute polymerization cycle at the aforedescribed temperatures. 

[0061] The amplified fragment Is then identified via gel electrophoresis as a 700 bp cDNA segment. The amplified 
pool of cDNAs is then further fractionated on a polyacrylamlde gel to obtain a more purified 700 bp cDNA fragment for 
cloning purposes. After elution of the 700 bp fragments from the gel, the 700 bp cDNA fragments are then cloned into 

15 phagemid vectors. Any cloning vector can be used to clone the cDNA bgl1 gene fragments, such as pUC18, pUC19, 
pUC118. pUC119, pBR322, pE^4BL, pRSAIOI, pBtuescript, and the like. However, it is preferable to use the cloning 
vectors pUC218 and pUC219, which are derived from pUCIS and pUC19 by insertion of the intergenic region of M13. 
The cloning vectors with the cDNA fragments containing the bgll gene are then used to transform E. ooli strain JM1 01 . 
After transformation, positive colonies containing the bgll gene were identified and DNA isolated therefrom using 

20 chloroform.phenol extraction and ethanol precipitation methods. 

[0062] The nucleotide sequence of the subcloned cDNA 700 bp fragment is then determined by the dideoxy chain 
temiination method described by Sanger et al using a Sequenase'^ reagent kit provided by U.S. Biochemicals. 
[0063] From this nucleotide sequence it was determined that the subcloned 700 bp cDNA segment contained an 
open reading frame encoding 150 amino acids that overiapped a number of other sequenced peptides that were ob- 

25 tained following CNBr and proteolytic degradation of purified T reesei p-glucosidase. Thus, it was confirmed that the 
cloned sequences encoded for the extracellular T. reesei p-glucosidase protein. 

[0064] The cloning of the genomic version of the entire ^-glucosidase gene was then undertaken by labelling the 
700 bp bgll cDNA fragment with 32p using the methods to label oligonucleotides described by Sambrook et al, supra . 
This probe is used to Identify a 6.0 kb band on a Southern blot of Hind III digested genomic DNA from T. reesei . 

30 [0065] The genomic DNA from T reesei is prepared for Southern blot analysis by deproteinlzing the genomic DNA, 
followed by treatment with ribonuclease A. The prepared genomic DNA is then cut with one of a variety of restriction 
enzymes such as Eco Rl, Hind III and the like, njn on a gel, Southern blotted and hybridized with the 700 bp cDNA 
labelled fragment of the bgll gene. From this analysis, it was determined that Hind III was the restriction enzyme of 
choice that can be used to clone the bgll gene. 

35 [0066] Hind III is then added to genomic DNA from the strain T. reesei and DNA is extracted therefrom. A sample 
from this digestion Is run on an agarose gel and fractionated electrophoretically. The gel is therr Southem blotted and 
probed with the 700 bp cDNA probe. A 6.0 kb band was then identified on the Southem blot of Hind 111 digested genomic 
DNA. The remaining Hind III digested genomic DNA was then subjected to preparative gel electrophoresis and DNA 
ranging in size from about 5.0 kb to 7.0 kb was eluted therefrom and cloned into a phagemid vector and used to 

40 transform E.coli JM101 to create a library. Any phagemid vector can be used such as those described above, however 
it Is preferable to use pUC218. The colonies that resulted from the transfomriation were then subjected to colony hy- 
bridization using the 700 bp cDNA fragment as a probe to identify those colonies that contained the cloned genomic 
DNA coding for bgll . The positive colonies from the transformation are then picked and the DNA isolated therefrom 
by methods known in the art. 

45 [0067] The isolated DNA from such a positive colony is then digested with various restriction enzymes, both singly 
and in various combinations, and subjected to agarose gel electrophoresis. The resultant banding pattem is then used 
to constmct a restriction map of the cloned 6.0 kb genomic DNA from T. reesei. Enzymes used in the digestion include 
Eco Rl, Sst I. K£n I, Sma I, Bam HI, Xho 1 , Bgl II, Cla I, Xba I, Sal I, Pst I, Sgh I, Hind III, Bal I, Pvu II and the like. 
[0068] The same gel is then subject to Southern blot analysis using the same 700 bp bgl1 cDNA as a probe to identify 

50 which genomic restriction fragments shared homology with the bgll cDNA. Since the position of these homologous 
fragments can be detemiined relative to the restriction map of the 6.0 kb genomic fi^gment and also since the size of 
the p-glucosidase protein (74 kd) gives an estimated length of the gene as 2.1 kb (because average molecular weight 
of an amino acid is 105 daltons, a 74 kd protein contains on average 705 amino acids, which in turn is equal to 2,115 
bp), then the mapping experiments confirmed that the entire bgll gene is contained on the genomic Hind III clone. 

55 [0069] Pvu II and Bal I restriction fi^gments ranging in size from 600 bp to 1 500 bp hybridized with the 700 bp cDNA 
bgll done and were thus chosen for subcloning into pUC218 phagemids. The nucleotide sequence was determined 
using the methods of Sanger et al, described above. The Pvu 1 1 and Bal t subclones were sequenced and the overiapping 
sequences of the subclones aligned until a single contiguous sequence totaling 3033 bp was obtain d within which 
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the nucleotide sequence of the bgh gene was determined on both strands and the posiUon of two small introns was 
inferred by homology to Introns of other genes of filamentous fungi. The amino acid sequence is also deduced as set 

roOTOl '^Th^Vucleotide sequence and deduced primary amino acid sequence of the entire T reesei bgll g n is set 
forth in Figure 1. The pr«dicted molecular weight of the encoded p^lucosidase protein is 74.341. A 31 ammo aad 
peptide precedes the mature amino terminus of p^lucosidase as deduced from the amino terminal peptid sequ nee. 
Within this peptide, there are three potential signal peptidase recognition sites consisting of Ala-X-Ala. 
roOTIl The primary amino acid sequence of B-glucosidase shows 7 potential N-linked glycosylation sites at positions 
208 310 417 and 566. which shows the consensus Asn-X-Ser/Thr-X where X is not a proline. However, sites at 
positions"45. 566. and 658 have a proline residue in the consensus sequence and may or may not be glycosylated. 
t0072] No unusual codon bias is observed in the bgll gene when compared to other cellulase genes. The bgll coding 
region is interrupted by two short introns of 70 bp and 64 bp. respectively. Both introns have splice site donor, splice 
acceptor, and lariat branch acceptor sites that show homology to the consensus splice signals emerging from T, reewi 
and other filamentous fungi. ^ . 

[0073] Since the bgh gene from the T. reesei strain is identified and can be cloned, the next step is to produce a 
transformant that has extra copies of the bgh gene. ^r,,„^„4„. 
[0074] A selectable marker must first be chosen so as to enable detection of the transformed filamentous fungus. 
Different selectable markers may be used including argB from A. nidulans or T reesej. amdS from A, nidulans . £jg 
from Neurospora crassa . A. nidulans or T reesei. and eyrG from Aspergillus niger. The selectable marker can be 
derived from a gei^ichTspeciries a novel phenotype. such as the ability to utilize a metabolite that is usually not 
metabolized by the filamentous fungi to be transformed or the ability to resist toxic shock effects of a chemical or an 
antibiotic Also contemplated within the present invention are synthetic gene markers that can be synthesized by meth- 
ods known in the art. Transfomiants can then be selected on the basis of the selectable marker introduced therein. 
Because T reesei does not contain the amdS gene, it is preferable to use the amdS gene in T re^ as a selecteble 
marker that^iS^^es the enzyme acetamidase. which allows transformant cells to grow on acetamide as a nitrogen 
source. In the case where the bgH gene is deleted from I reesei. H is preferable to use the gyrG gene as a selectable 

r007a The host strain used shouW be mutants of the filamentous fungi which lack or have a nonfunctional gene or 
genes corresponding to the selectable marker chosen. For example. If the selectable marker of grgi is used, then a 
specificara- mutant strain is used as a recipient in the transfomiation procedure. Other examples o^setertable markere 
that canto used In the present invention include the genes trg. Eyr4. E^rG. trel . oHCSI . Bml . njs2i ^^e 
like The corresponding recipient strain must, therefore, be a mutant strain such as trg-. q/t- Igif. and the like. 
[00761 The mutant strain is derived from a starting host strain, which is any filamentous fungi strain. However it is 
preferable to use a filamentous fungi over-producing mutant strain and parUcularty. a Treesei overproducing sfrain 
described previously, since this strain secretes high amounts of proteins and, in particular, high amounts of cellu^ 
enzymes. The selected mutant strain is then used in the transformation process. The preferred strain of T, reesei for 
use in deleting the bgll gene is RLP37£yrG69, a uridine auxotroph. 

[0077] The mutant strain of the selected filamentous fungi can be prepared by a number of techniques known in the 
art such as the filtration enrichment technique described by Nevalainen in "Genetic improvement of er^e Production 
in industrially important fungal strains". Technical Research Center of Finland. Publications 26 (1985). Anottier tech- 
nique to obtain the mutant strain is to identify the mutants under different growth medium conditions. For instance, ttie 
ara- mutants can be identified by using a series of minimal plates supplied by different intemiediates in argimne bio- 
iesis. Another example is the pioductton of fiff mutant strains by subjecting the strains to fluoroorotic acid (FOA). 
Strains with an intact e^rt gene grow in an uridine medium and are sensitive to fluoroorotic acid. and. therefore, it is 
45 possible to select pyr4- mutant strains by selecting for FOA resistance. 

r00781 The chosen selectable mariner is then cloned into a suitable plasmid. Any plasmid can be used in the pr^ent 
invention for the cloning of the selectable mariner such as pUCIS. pBR322. and ttie like. However, it is preferable to 
use dUCIOO. The vector is created by digesting pUClOO with the restriction enzyme Srnal. and the 5' phosphate groups 
are then removed by digestion with calf alkaline phosphatase. The fragment vector is then purified by gel electrophore- 
50 sis followed by electroelution from the isolated gel slice. The amdS gene from A. nidujans is isolated as a 2.4 Wb§^\ 
restriction fragment following separation of the vector sequences via known procedures such "'^.f^^'^fl^ 
Hynes et al Mol Cell. Btol. . 3. pp. 1430-1439 (1983). The 2.4 Kb ^1 amdS fragment and the 2.7 Kb pUClOO vector 
fragment ar^then ligated together, and ttie ligation mix is then introduced into the Ecoli host strain JM101. 
[0079] Any plasmid can be used in the present invention for the insertion of the bgh gene, but it is preferable to use 

[OOSoT^pSASB^Iu is constructed by digesting pSAS with the restriction enzyme Hind III and purifying the linear frag- 
ment via gel electrophoreses and electroelution. Into this Hind III treated pSAS vector fragment is ligated the 6.0 Kb 
Hind III fragment of T. reesei genomic DMA that contained all of the coding region of the bgh gene along witti th 
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sequences necessary for transcription and translation. Figure 2 illustrates the construction of pSASp-glu. 
[0081] It is also possible to construct vectors that contain at least one additional copy of the bgl1 gene and to construct 
vectors in which the amino acid sequence of bgl1 gene has been altered by known techniques in the art such as sit 
direct d mutagenesis, PGR methods, and chemical mutation methods. 

5 [0082] After a suitable vector is constructed, it is used to transform strains of filamentous fungi. Since the permeability 
of the cell wall in filamentous fungi (e.g.. T. reesei) is very low. uptake of the desired DNA sequence, gene or gene 
fragment Is at best minimal. To overcome this problem, the permeability of the cell wall can be increased or the DNA 
can be directly shot into the cells via a particle gun approach. In the particle gun approach, the DNA to be incorporated 
into the celts is coated onto micron size beads and these beads are literally shot into the cells leaving the DNA therein 

10 and leaving a hole in the cell membrane. The cell then self-repairs the ceil membrane leaving the DNA incorporated 
therein. Besides this aforedescribed method, there are a number of methods to increase the permeability of filamentous 
fungi cells walls in the mutant strain (i.e.. lacking a functional gene corresponding to the used selectable marker) prior 
to the transformation process. 

[0083] One method involves the addition of alkali or alkaline ions at high concentrations to filamentous fungi cells. 
15 Any alkali metal or alkaline earth metal ion can be used in the present invention; however, it is preferable to use either 
CaCl2 or lithium acetate and more preferable to use lithium acetate. The concentration of the alkali or alkaline ions 
may vary depending on the ion used, and usually between 0.05 M to 0.4 M concentrations are used. It is preferable 
to use about a 0.1 M concentration. 

[0084] Another method that can be used to induce cell wall permeability to enhance DNA uptake in filamentous fungi 
20 is to resuspend the cells in a growth medium supplemented with sorbitol and canier calf thymus DNA. Glass beads 
are then added to the supplemented medium, and the mixture is vortexed at high speed for about 30 seconds. This 
treatment disrupts the cell walls, but may kill many of the cells. 

[0085] Yet another method to prepare filamentous fungi for transformation involves the preparation of protoplasts. 
Fungal mycelium is a source of protoplasts, so that the mycelium can be isolated from the cells. The protoplast prep- 

25 arations are then protected by the presence of an osmotic stabilizer in the suspending medium. These stabilizers 
include sorbitol, mannitol, sodium chloride, magnesium sulfate, and the like. Usually, the concentration of these stabi- 
lizers varies between 0.8 M to 1.2 M. It is preferable to use about a 1 .2 M solution of sorbitol in the suspension medium. 
[0086] Uptake of the DNA into the host mutant filamentous fungi strain is dependent upon the concentration of calcium 
ion. Generally, between about 10 mM CaCl2 and 50 mM CaCl2 is used in an uptake solution. Besides the need for 

30 calcium ions in the uptake solution, other items generally included are a buffering system such as TE buffer (10 mM 
Tris, pH 7.4; 1 mM EDTA) or 10 mM MOPS, pH 6.0 buffer (morpholinepropane-sulfonic acid), and polyethylene glycol 
(PEG). The polyethylene glycol acts to fuse the cell membranes, thus permitting the contents of the mycelium to be 
delivered into the cytoplasm of the filamentous fungi mutant strain and the plasmid DNA is transferred to the nucleus. 
This fusion frequently leaves multiple copies of the plasmid DNA tandemly integrated into the host chromosome. Gen- 

35 erally. a high concentration of PEG is used in the uptake solution. Up to 10 volumes of 25% PEG 4000 can be used 
in the uptake solution. However, it is preferable to add about 4 volumes in the uptake solution. Additives such as 
dimethyl sulfoxide, heparin spermidine, potassium chloride, and the like may also be added to the uptake solutton and 
aid in transformation. 

[0087] Usually a suspension containing the filamentous fungi mutant cells that have been subjected to a pemrieability 
40 treatment or protoplasts at a density of 10^ to lOWml. preferably 2 x lO^/ml, are used In transformation. These proto- 
plasts or cells are added to the uptake solution, along with the desired transformant vector containing a selectable 
martcer and other genes of interest to form a transformation mixture. 

[0088] The mixture is then incubated at 4''C for a period between 10 to 30 minutes. Additional PEG is then added 
to the uptake solution to further enhance the uptake of the desired gene or DNA sequence. The PEG may be added 

45 in volumes of up to 10 times the volume of the transformation mixture, preferably, about 9 times. After the PEG is 
added, the transformation mixture is then incubated at room temperature before the addition of a sorbitol and CaCl2 
solution. The protoplast suspension is then further added to molten aliquots of a growth medium. This growth medium 
contains no uridine and selectively permits the growth of transformants only. The subsequent colonies were transfen-ed 
and purified on a growth medium depleted of sorbitol. 

50 [0089] At this stage, stable transformants can be distinguished from unstable transformants by their faster growth 
rate and the fomiation of circular colonies with a smooth rather than ragged outline on solid culture medium. Additionally, 
in some cases, a further test of stability can be made by growing the transfonnants on solid non-selective medium, 
harvesting the spores from this culture medium and detenmining the percentage of these spores which will subsequently 
germinate and grow on selective medium. 

55 [0090] In order to ensure that the transformation took place by the above-described methods, further analysis is 
performed on the transformants such as Southern blotting and autoradiography. Using the same basic procedures set 
forth above, the entir bgl1 gene can be deleted from a vector and transformed into filamentous fungi strains or the 
bgll gene can be alter d and transformed into filamentous fungi strains. 
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[00911 Atter confirmation that the transformed strains contained at least one additional copy of the bgll gene or an 
altered bgl1 gene, the strains are further cultured under conditions permitting these transfomiants to propagate. Th 
transfois can then be Isolated from the culture media and used in a variety of f Pl'f '7 
below Alternatively, the transformants can be further femiented and a recombinant fungal cellulase composition can 
be isolated from the culture media. Since, for example, the transfomiants produced by the present invention can express 
enhanced or altered extracellular ^glucosldase in the fermentation medium, fungal cellulase compositions can b 
Isolated from the medium. Usually, the isolation procedure involves centrifuging the culture or fermentation medium 
containing the transfomiants and filtering by ultrafiltration the supernatant to obtain a recombinantly produced fungal 
cellulase composition. Optionally, an antimicrobial agent can be further added to the oomposrtKjn pnor to "se in he 
variety of applications described below. Examples of microbial agents that can be added are sodium azide. sodium 

S]^^Co^1\mation that the transformants produced by the process of the present invention had enhanced activity 
on cellobiose, the following experiment was perfomied. In this experiment 50 mg of cellobiose which was suspended 
In 1.0 ml of phosphate buffer (pH 5.0) and was reacted with the femnentation product produced by the trans^omnan 
(65 5 mg/ml protein) using a fermentation product from a normal nonmutant T reesei strain as a control (135.0 mg/ml 
protein) The results of cellobiase activity under conditions of IniUal rate, are set forth in Table I below: 



TABLE I 


1 Product 


Protein (nfig/ml) 


Activity on Cellobiose [imole glucose 






mg protein 


1 Control 


135.0 


6 


Product produced by the present invention 


65.5 


33 



100931 The resuHs from this experiment indicate that the fermentation product produced by the transfomiants of the 
present invention has over five times the specific activity on the substrate, cellobiose. compared to a nonmutant T 

reesei control strain. ... a • • ^ oo/^ / oor* 

iSoiii Moreover. Figures 7 and 8 confim. that hydrolysis is enhanced for the substrates Avicel and PSC ("ote. PSC 
s a phosphoric acid swollen cellulose obtained by treating Avicel with phosphoric acid) using 1^0% «"^y"l«'substrate 
In the experiment. PSC or Avicel was suspended in 2 mis of 50 mM sodium acetate buffer pH 4^8. an*! 'ncubated at 
40° under non-agitated conditions for up to 24 hours. Soluble reducing sugar was measured by the method of Nelson 
and Somogyl. From these figures it is further demonstrated that the enhanced recombinant '"«»«'«®/«";;«"^^^" 
product produced from transfomiants according to the present invention, has an increased rate and extent of hydrojrtw 
activity on the various substrates compared to the standard Cyt-123 control (on average 20% higher actm^V The Cyt- 
123 control is the product obtained from a L reesei cellulase over-production sUain subjected to fermentation on an 

[OoSr'TS'enriched transfomiants can be used in a variety of different applications. For instance. someHlucosi- 
dases can be further isolated from the culture medium containing the enhanced transfomiants and added to grapes 
during wine making to enhance the potential aroma of the finished wine product. Yet another application can be to use 
B-glucosldase in fruit to enhance the aroma thereof. Altematively. the isolated recombinant femientation product con- 
taining enhanced p-glucosidase can be used directly in food additives or wine processing to enhance the Havor and 

ro0961 Since the rate of hydrolysis of cellulosic products is increased by using the transformants haviiig at least one 

additional copy of the boll gene inserted into the genome, products that contain cellulose or heterog yeans can be 

degraded at a faster raiHSd to a greater extent. Products made from cellulose such as paper, cotton, cellulosic diapers 

and the like can be degraded more efficiently in a landfill. Figure 9 illustrates the use of an increased p-glucosidase 

preparation isolated from the fermentation medium containing transfomiants having at least one additional cow ofthe 

bi gene inserted into the genome compared to a non-enhanced Cyt 123 standart (defined above) on a cellulose 

d^er product. This hydrolysis experiment was perfomied using 0.4 mg of the standard and the fermentation product 

per 100 mg of substrate (the cellutosic diaper). The experiment was run at 50=C over a penod of five hours and the 

glucose concentration was measured, in duplicate, at various time intervals. This curve illustrates an '"creased rate 

of hydrolysis for the product produced by the femientatfon product derived from t'^^;^"^'"""^"' ''^^^ 
copies ofWl.compared to thestandard.ltwasalsodetemiinedthatthediaperdenvedfiberswereabout 14% n^^^ 

in aqueouTii)lution. Thus, the femnentation product obtained from the transfomiants or the transfomiante alone can 
be used in compositions to helpdegrade by liquefactionavariety of celluloseproducts that add to overcrowded landfi^ 
[00971 Simultaneous saocharificalion and fermentation is a process whereby cellulose present .n biornass is con- 
verted to glucose and. at the same time and in the same reactor, yeast strains convert the glucose into ethanol. Y ast 



13 



EP 0 562 003 B1 



strains that are known for use in this type of process include B. clausenii , S. cerevislae. Cellulolyticus acidoth rmo- 
philium , C. brasslcae, C» iustlnaniae . S. uvarum « Schizosaccharomyces pombe and the like. Ethanol from this process 
can b further used as an octane enhancer or dir ctly as a fuel in lieu of gasoline which is advantageous because 
ethanol as a fuel source is more environmentally fri ndly than petroleum derived products. It is known that the use of 
5 ethanol will improve air quality and possibly reduce local ozone levels and smog. Moreover, utilization of ethanol in 
lieu of gasolin can be of strategic importance in buffering the impact of sudden shifts in non-renewable energy and 
petro-chemical supplies. 

[0098] Ethanol can be produced via saccharification and femientation processes from cellulosic biomass such as 
trees, herbaceous plants, municipal solid waste and agricultural and forestry residues. However, one major problem 

10 encountered in this process is the lack of p-glucosidase in the system to convert cellobiose to glucose. It is known that 
cellobiose acts as an inhibitor of cellobiohydrolases and endoglucanases and thereby reduces the rate of hydrolysis 
for the entire cellulase system. Therefore, the use of increased p-glucosidase activity to quickly convert cellobiose into 
glucose would greatly enhance the production of ethanol. To illustrate this point, cytolase 123 and the fermentation 
product produced by the transformants (nomialized to cytolase on a total protein basis) according to the present in- 

15 vention under fermentation conditions were compared for their ability to hydrolyze crude paper fractions composed of 
50-60% cellulosics from a fiber fraction (RDF) of municipal solid waste (MSW). Such suspensions were In 50 mM 
sodium acetate buffer, pH 4.8 to 5.0, and equilibrated at 30^0. The flasks were then dosed with 4% Saccharomyces 
cerevisiae and sampled periodically to 80 hours. The ethanol production yield was then measured. The following Table 
II IIIustrates*thatHnGrease* ethanol iproduGtion 'is^ possible using 

20 present invention using municipal solid waste preparations as the cellulosic source. 



TABLE II 



30 



Dosage 


Grams/Liter Ethanol 


mg protein gram cellulose 


Cytolase 123 


High P-Glu Prep 


10 


2.1 . 


5.0 


20 


5.3 


7.2 


30 


6.9 


8.8 


40 


8.0 


9.3 


50 


8.5 


9.3 


60 


8.5 


9.3 



[0099] From Table II it can be cleariy seen that the enhance P-glucosidase preparation prepared according to the 
present invention enhances the production of ethanol compared to a cytolase 123 control, especially at the lower 
protein concentrations. 

[0100] The detergent compositions of this Invention may employ, besides the cellulase composition, a surfactant, 
including anionic, nonlonic and ampholytic surfactants, a hydrolase, building agents, bleaching agents, bluing agents 
and fluorescent dyes, caking inhibitors, solubilizers, cationic surfactants and the like. All of these components are 
known in the detergent art. For a more thorough discussion, see U.S. Application Serial No. 07/593.919 entitled Trj: 
chodemia reesei Containing Deleted Cellulase Genes and Detergent Compositions Containing Cellulases Derived 
Therefrom", and U.S. Serial No. 07/770,049. filed October 4, 1991 and entitled Trichoderma reesei Containing Deleted 
and/or enriched Cellulase and other enzyme Genes and Cellulase Compositions Derived Therefrom" both of which 
are incorporated herein by reference in their entirety. 

[0101] The detergent compositions contain enhanced levels of p-glucosidase or altered P-glucosidase. In this regard, 
it really depends upon the type of product one desires to use in detergent compositions to give the appropriate effects. 
[0102] Preferably tiie cellulase compositions are employed from about 0.00005 weight percent to about 5 weight 
percent relative to the total detergent composition. More preferably, the cellulase compositions are employed from 
about 0.01 weight percent to about 5 weight percent relative to the total detergent composition and even more prefer- 
ably, from about 0.05 to about 2 weight percent relative to the total detergent composition. 

[0103] Moreover, the present invention also contemplates the use of the p-glucosidase nucleotide sequence of T. 
reesei to design various probes for the identification of the extracellular p-glucosidase gene in other filamentous fungi. 
In this regard, the entire nucleotide sequence of the bgll gene can be used or a portion thereof to identify and clone 
out the equivalent genes from other filamentous fungi. The sources of filamentous fungi include those fungi from the 
genus Trichoderma , Aspergillus , Neurospora . Humicola , Penicillium and the like. More particulariy, the preferred spe- 
cies include Trichoderma reesei . Trichoderma viridae , Aspergillus niger , Aspergillus oryzae , Neurospora crassa, Hu: 
micola grisea , Humicola insolens . Penicillium pinophilum . Penicillium oxalicum . Aspergillus pho nicis . Trichoderma 
koningii and the like. Due to the species homology of the bgll gene, filamentous fungi equivalent g nes ar easily 
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identified and cloned. Indicative of this are Figures 10A and 10B wh«h illustrate ^"'o^^f °9;f f"],"' ^^-i!!^^ 
crassa (Figure 10A) and H. aiisea (Figure 10B) DNA digested with Hind III and Eco Rl and further were blotted and 
with a P32 labeled Hind III 6.0 kb bgU DNA fragment containing th bgn gene of T reesei. These autoradio- 
graphs clearly Illustrate thatlONA fragment containing theballgeneofT.reeseican be used to identify the extracellular 

Sr ThusThe S'gene of other filamentous fungi may be cloned by the methods outlined above using the P32 
labelled T reesei bgM gene as a probe. Once the genes of other filamentous fungi are cloned, they can be used to 
transfomUh^mentous fungi from which the gene was derived or other filamentous fungi to overproduce ^lucosi- 
dase by the methods described above. 
10 [0105] In order to further illustrate the present invention and advantages thereof, the following specific examples are 
given, it being understood that the same are intended only as illustrative and in nowise limitative. 

Example 1 

IS Isolation of Total RNA from Trichoderma reesei 

r0106l A Trichodenna reesei culture which over produces cellulases was specifically induced for cellulase using 
soohorose a6.1-2diglu(^as described by Gritzali. 1977. The starting strain of Trichodemia reesei is a cellulase 
over-orodu'ction strain (RL-P37) developed by mutagenesis by the methods described by Sheir-Neiss, G. and Mon- 
tenecourt B.S.. AppL Microbiol. Biotechnol. . Vol. 20 (1984) pp. 46-53. A mycelial inoculum of T reesej^from growth 
on potato dextrose agar (Difco), was added into 50 ml of Trichodemia basal medium containing 1^40 grams/liter 
(NH.), S04 2.0 grams/liter KH2PO4, 0.30 grams/ltter MgS04. 0.30 grams/liter urea. 7.50 grams/liter BactoPefrtone. 
5 0 ml/liter 10% Tween - 80, 1 .0 ml/liter trace elements-EFG. pH 5.4. which was filtered through a 0.2 micron filter in 
a 250 ml baffied flask. This culture was incubated at 30°C for 48 hours with vigorous aeration. Five milliliter aliquote 
were taken from the culture and added to 25 ml of fresh basal medium in seven 250 ml flasks. These were subsequently 
arown for 24 hours at SO'C. All cultures were centrlfuged in a benchtop clinical centrifuge at 2400 x g for 10 minutes. 
The mycelial pellets were washed three times in 50 mis of 17 mM KHPO4 buffer (pH 6.0). Lastly, the mycel.a were 
suspended in six flasks containing 50 ml of 17 mM KHPO4 buffer with the addition of 1 mM sophorose and a control 
flask containing no sophorose. The flasks were incubated for 18 hours at SO'C prior to han.est.ng by fi«ra^";«»"gh 
Miracloth (Calbiochem). The excess medium was then squeezed out and the mycelial mat was placed directly into 
liquid nitrogen and may be stored at -70»C for up to one month. The frozen hyphae were then ground in an electric 
coffee grinder that was prechilled with a few chips of dry ice unfil a fine powder was obtained. The Powder was then 
added to about 20 ml of an extraction buffer containing 9.6 grams of p-aminosalicylic acid dissolved in 80 ml of DEP- 
treated water. 1 .6 grams of triisopropylnaphthalene sulfonic acid dissolved in 80 ml of DEP-treated water 24.2 grams 
Tris-HCI 14 6 grams NaCI. 19.09 grams EDTA. which was diluted to 200 ml total volume with DEP-treated water and 
the dH was adjusted to 8.5 with NaOH. After addition of the extraction buffer. 0.5 volumes of TE-saturated phenol was 
also added thereto, and the extraction mixture was placed on ice. One quarter volume of chtorofomi was then added 
to the extraction mixture, and the mixture was shaken for two minutes. The phases were then separated by centnfu- 
qation at 2500 rpm. The aqueous phase was removed and placed in a centrifuge tube, which contained a fewdrops 
of phenol in the bottom of said tube. The tube was placed on ice. The organic phase was then reextracted w<th 2.0 ml 
of extraction buffer and placed in a 68°C water bath for 5 minutes to release the RNA trapped in polysomes and at the 
interface of the extraction mixture. The extracted mixture was then centrifuged, and the aqueous phase removed and 
pooled with the other aqueous fraction. c,».^o ..n.iuhom 

rOIOTl The entire aqueous fractions were then extracted with phenol-chloroform (1:1 v/v) for 4 to 5 times until there 
was no longer any protein seen visually at the interface. Then 0.1 volume of 3 M sodium acetate. pH 5.2 (made with 
DEP water and autoclaved) and 2.5 volumes of 95% was added to the organic extracts, and the extracts were frozen 
at -20»C for 2 to 3 hours. Alternatively, the RNA was precipitated using 2 M lithium acetate. The RNA was then pelleted 
bv centrifugation at 12.000 rpm for 20 minutes. The pelleted RNA was then resuspended in DEP-water with an RNase 
inhibitor to a final concentration of 1 unit per nl. To detemiine whether the genes encoding the enzymes were being 
50 induced, total RNA was analyzed. 

Analysis of Total RNA Preparation 

[0108] To confim, whether the genes encoding the enzymes of the cellulase complex were being induced, total RNA 
55 was analyzed by Northerti blotting as described by Sambrook et al. 8U2ra using a P32 fragment of the Lrep cbh2 
qene as a probe. The cbh2 clone was isolated using the methods described by Chen el al in Nucleotide Sequence 
and Deduced Primary SuJrture of Cellobio-hydrolase II from Trichodemia reesei". Biotechnology . Vol. 5 (Man* 1987). 
incorporated herein by reference. Sfte directed mutagenesis (Sambrook et al.. suera) was performed on the ^ clone 
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and a Bgl II site was placed at the exact 5' end of th opening reading frame and an Nhe i site at the exact 3' end. The 
Bgl ll /Nhe I coding sequence was then cloned into a pUC218 phagemid. For use as a probe, the cbh2 fragment was 
digested with Bgl ll/Nhe I and Isolat dbygelelectrophor sis. The results indicated that the level of cbh2sp cificmRNA 
reached a p ak at 14-18 hours post Induction. The total RNA from 14. 18 and 22 hours was then pooled. 

5 

ExampI 2 

Purification of Polyadenylated mRNA ( 

10 [0109] mRNA was then isolated from the pooled fraction of total RNA set forth above using oligo (dT) cellulose 
chromatography. 0]igo(dT) cellulose (type 3 from Collaborative Research, Lexington. MA) is first equilibrated with Oligo 
(dT) binding buffer containing 0.01 M Tris-HCI. pH 7.5, 0.5 M NaCI, and 1 mM EDTA. then aliquots of 25-300 mg were 
added to 1.5 ml rnicrofuge tubes. RNA dissolved In 1 ml of binding buffer was added and allowed to bind for 15 min. 
with gentle shaking. The suspensions were centrifuged at 1500 g for 3-5 min., washed 3-5 times with 1 ml of binding 

15 buffer, and then washed 3 times with 400 \i\ of elution buffer containing 0.01 M Tris-HCI, pH 7.5, and 1 mM EDTA The 
eluates were pooled, readjusted to 0.5 M NaCI, rebound, and reetuted with three washes of elution buffer. The final 
three elution buffer washes were pooled and mRNA was recovered by ethanol precipitation. 

Analysis of Total RNA and polyadenylated mRNA 

20 

[0110] Total RNA and the polyadenylated RNA were fractionated on 1 % forma Idehyde-aga rose gels using 10 ^g of 
RNA for each lane, blotted to Nytran^ membranes and analyzed by the Northern blot method described by Thomas 
in "Hybridization of denatured RNA and Small DNA fragments transferred to Nitrocellulose". Proc. Natl. Acad. Sci. 
USA, Vol. 77 (1980). pp. 5201-5205. 

25 [0111] Briefly, this procedure involves denaturing RNA (up to 10 ^g/8 ^1 reaction) by incubation in 1 M glyoxal/50% 
(vol/vol) Me2SO/10 mM sodium phosphate buffer, pH 7.0 at 50°C for 1 hr. The reaction mixture was cooled on ice and 
2 ^1 of sample buffer containing 50% (vol/vol) glycerol, 10 mM sodium phosphate buffer at 7.0 and bromophenol blue 
was added. The samples were electro-phoresed on horizontal 1% formaldehyde-agarose gels in 10 mM phosphate 
buffer, pH 7.0 at 90 v for 6 hours. 

30 [01 12] The glyoxylated RNA was transferred from agarose gels to nitrocellulose by using 3 M NaCI/0.3 M trisodlum 
citrate (20X NaCI/cit). After electrophoresis, the gel was placed over two sheets of Whatman 3 MM paper which was 
saturated with 20X NaCI/cit. Nitran^ membrane was wetted with water, equilibrated with 20X NaCI/cit and laid over the 
gel. The gel was then covered with two sheets of Whatman 3 MM paper and a 5 to 7 cm layer of paper towels, a glass 
plate and a weight. Transfer of the RNA was completed in 12-15 hours. The blots were then dried under a lamp and 

35 baked In a vacuum for over 2 hrs. at 80°C. 

[01 1 3] The membranes were probed with a cbh2 probe to verify that the polyadenylated mRNA pool contained cbh2 
mRNA and by Inference the genes encoding the enzymes of the cellutase complex were indeed induced. 

Example 3 

40 

Synthesis of cDNA 

A. First Strand Synthesis 

45 [01 14] Synthesis of cDNA was performed using the BRL cDNA Synthesis System^ (Bethesda Research Laborato- 
ries. Md.) according to the instructions of the manufacturer. To a sterile, DEPC-treated tube in ice was added 10 (il of 
5X First Strand Buffer containing 250 mM Tris-HCI, pH 8.3. 375 mM KCI, 15 mM MgClj, 50 mM DTT, 2.5 \i\ 10 mM 
dNTP Mix (10 mM dATP, 10 mM dCTP, 10 mM dGTP. 10 mM dTTP), 5 nl Oligo (dT)i2.i8 (0-5) mg/ml), 10 ^il of mRNA 
at 0.5 mg/ml and 20 \l\ diethylpirocarbmate(DEPC)-treated water to create a final composition containing 50 mM 

50 Tris-HCI (pH 8.3). 75 mM KCI, 3 mM MgClg. 10 mM dithiothreitol, 500 ^M each dATP, dCTP, dGTP and dTTP, 50 ^g/ 
ml Oligo (dT)i2.iB* \^Q^^^ polyadenylated RNA and 10.000 U/ml cloned M-MLV reverse transcriptase. A control run 
was also run simultaneously using 10 ^1 of a 2.3 kb control RNA (0.5 mg/ml) in lieu of the mRNA. 
[0115] The reaction was initiated by adding 2.5 ^1 of Molony murine leukemia virus (M-MLV) reverse transcriptase 
(100 Units/^l) to the mRNA tube and the control RNA. The samples were mixed. All reaction tubes were incubated at 

55 37''C for one hour and then placed on ice. 

[0116] A small aliquot from the reaction mixture was run on a gel to confirm Its presence and quantity. The yield 
obtained was about 2-6 ^g. 
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B. Second Strand Synthesis 

[0117] TO the control tube on ice after first strand synthesis was added 230.6 ^1 DEPC-treated water 6 m 10 mM 
dNTP mix 32 til 10X second strand buffer containing 188 mM Tris-HCI. pH 8.3. 906 mM KCI, 100 mM (NH4)2 SO4. 46 
mM MgCl2, 37 5 mM dithiothreitol. 1.5 mM NAD. 8 rI E, coH DNA Polymerase I (10 m, 1-4 nl E, RNase H and 
1 1ll E coli DNA ligas (100 units). ^ 
t011W "To the first strand synthesis of the sample was added on ice 289.5 nl of DEPC-treated water. 7.5 ^1 10 mM 
dNTP mix. 40 Hi 10X second strand buffer, 10 nl E coli DNA Polymerase 1, 1.75 ^l E coH RNaseH and 1.25 1 cgj 
DNA ligas;. to create a final composition containing 25 mM Tris-HCI (pH 8.3). 100 mM KCI. 10 mM (NH4)2S04. 5 rnM 
MgCU 250 uM each dATP. dCTP, dGTP. dTTP. 0.15 mM NAD. 5 mM Dithiothreitol. 250 U/ml DNA Polymerase 1. 8.5 
U/ml RNase H. and 30 U/ml DNA Ligase. Both the control tube and the sample tube were vortexed gently and incubated 
for 2 hours at 16°C. After incubation, both tubes were placed on ice. ^. . ^ 

roi 191 The sample tube was then extracted with 415 jil of phenol and ethanol precipitated. The pellet was dissolved 
in 200 Vl of sterile TE buffer(10 mMTris-HCI pH 7.5. 1 mM Na2EDTA)and reprecipltated from 7.5 M ammonium acetate 

" Jll20r^An' aliquot of the sample was further analyzed by gel electrophoresis to check for purity. The yield of the 

roiTlf' ThrremSig°Mntrol sample was further extracted with phenol and ethaiwl precipitated as described above 
for the sample. After dissolving the pellet in 200 nl of sterile TE buffer, reprecipitating the sample from ammonium 
20 ablate with ethanol. and redissolving the dry pellet in 20 m of sterile TE buffer. 2 jil of the solution was then further 
analyzed by gel electrophoresis to check for purity. 

Example 4 

25 AmplificatkMi of bgll cDNA Sequences 

r01 221 Amplification of the cDNA fragments encoding a portion of the T reesei p-glucosidase gene. was per- 
formed using the polymerase chain reaction (PCR) method with TaqR polymerase and a Pericin Elmer Getus Thermal 

30 roi23r' The reaction mixture was fomied by mixing 76 nl deionized water, 10 ^1 of a 10X mixture of buffer containing 
166 mM (NH4)2 SO4. 670 mM Tris-HCI. pH 8.8. 67 mM MgC^. 67 urn EDTA, 10 mM ^"'^"=^P'^^^°\^° ^l^'^^f'; 
visulfoxide and 1 .7 mg/ml BSA diluted to a total volume of 1 .0 ml with deionized water. 8 jil of 2 dNTPs (each). 1 nl 5 
oligonucleotide primer. 1 m 3' internal oligonucleotide primer. 1.0 jig cDNA diluted in 3 »il deionized water, and 1 |ig 

SiMr'Thnmplification method consists of an initial denaturing cycle at 95''C for 10 minutes, followed by a two 
minute annealing step at SVC and a 10 minute polymerization cyde at BSTC. for an additional 30 cycles. 



35 



40 



4S 



SO 



95 



A. Olioonucleotide Primers 

f01251 The oligonucleotide primers used to amplify the cDNA fragment encoding the T reesei bgM gene were de- 
signed based on the degeneracy of the genetic code for the selected amino acids for an N terminal region of the bgll 
gene and an internal oligonucleotkle. The 5' oligonucleotide primer consisted of the sequence: 

51 GCI GTI CCT CCT GCI GC 3' 

[0126]" TteTntOTal 3' oligonucleotide primer consisted of a pool of 16 x 21 oligonucleotides. This pool was based 
on various derivations of the following sequences: 

5' 6TT G/ATT ICC G/ATT G/AAA G/ATC TGT 3' 

Example 5 

Subcloning of PCR Generated Fragments 

[0127] Ninety jil of each reaction mix was fractfonated on 4% polyacrylamide gels in IX TBE. the major band was 
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xcised and luted from the gel slice as described by Sambrook et al, supra . The eluted DNA fragment was pr cipitated 
in thanol and resuspended in 15 \i\ of TE buffer (10 mM Tris. 1 mM EDTA). Each 1-2 jxg DNA fragment was then 
tr ated with 0.5 mM ATP and T4 polynucleotid kinase to phosphorylate the 5* end of each fragment following by the 
procedures of Sambrook t al. supra . Blunt ends wer generated by adding 3 \i\ of 10X T4 polymerase buffer (330 mM 
5 Tris-acetate at pH 7.9. 660 mM potassium acetate, 100 mM magnesium acetate, 1 ^1 of 2.5 mM dNTPS, 1 ^1 of T4 
DNA polymerase and 5 ^1 of distilled water). The blunt-end reaction mixture was then Incubated at 37*" for 60 minutes. 
The reaction was stopped by addition of EDTA to a final concentration of 1 mM EDTA and the sample was further 
heated for 10 minutes at 65''C. { 

[0128] The blunt-end DNA fragments were then ligated with Sma l cleaved and dephosphorylated pUC218 which 
10 had been infected with M13X07 as described by Sambrook et al. supra . The cloning vectors pUC218 and pUC219 
were derived from pUC118 and pUC119 by insertion of the II, Cla I and Xho I polylinker as described by Korman 
et al in "Cloning, Characterization, and expression of two a-amylase genes from Aspergillus niger var. awamori ". Cur- 
rent Genetics. Vol. 17. pp. 203-212, (1990). 

[0129] The aforedescribed phagemid was then used to transform E. ^ strain JM101 as described by Yamisch et 
15 al in "Improved Ml 3 phage cloning vectors and host strains: nucleotide sequence of the Ml 3mp1 8 and pUC1 9 Vectors". 
Gene. Vol. 1197. pp. 103-119 (1985). 

Example 6 

20 Isolation of cDNA Subcloned Fragment 

[0130] The transformed strain was inoculated in 1.5 ml of 2YT broth in a tube which had been previously Inoculated 
with 15 ^il of saturated E. ^ JM101. The culture was grown for 8 hours under shaking at 37^C. 
[0131] The culture mixture was then spun at 6000 rpm for 5 minutes, and the supernatant was poured off into another 
25 tube. To the supernatant 300 ^1 of 2.5 M NaCI. 20% PEG was added, and the solution was mixed. The mixture was 
then incubated at room temperature for 15 minutes. 

[0132] The solution was then spun for 5 minutes in a microfuge, and the supernatant was aspirated off. The solution 
was vortexed once again, and the supernatant was further aspirated off. 

[0133] 100 ^1 of equilibrated phenol was added to the tube, and the tube was vortexed. 100 ^1 of chloroform was 
30 added, and once again the tube was vortexed. The tube was heated at 55°C for 5 minutes, mixed, and microfuged an 
additional 5 minutes. 

[0134] 160 ^1 of the supematant was then pipetted off and transferred to a clear tube. 20 ^1 of 1N NaOAC, pH 4.5. 
and 400 ^1 of 95% ETOH were added to the supernatant, and the solution was mixed and frozen on dry ice for 5 
minutes. The tube was then spun for an additional 15 minutes, and the supematant was aspirated off. 
35 [0135] 1000 ^1 of 70% ethanol was added to the tube, and the tube was spun for an additional 2 minutes and rea- 
spirated. The mixture was spun once more under vacuum for 4 minutes, and the pellet was resuspended in 15 ^1 TE 
buffer. 

Example 7 

40 

Determination of the Nucleotide Sequence of 700 bp cDNA fragment 

[0136] The nucleotide sequence of the 700 bp cDNA fragment was determined using the dideoxy DNA sequencing 
method described by Sanger et ai, "DNA Sequencing with chain terminating inhibitors", Proc. Natl. Acad. Sci. U.S.A. , 
45 Vol. 74 (1977), p. 5463, using the Sequenase^^ reagent kit (U.S. Biochemlcals). 

Example 8 

Analysis of bgll gene 

50 

A. Sequence Analysis 

[0137] Nucleotide sequencing was done by the dideoxy chain termination method of Sanger et al (1977) using the 
Sequenase^ reagent kit (U.S. Biochemlcals). 

55 

B. Amino Acid Sequencing 

[0138] A 2.5-nmol sample of the reduced and carboxymethylated p-glucosidase preparation purified (per Chirico and 
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Brown. European Journal of Biochem.. Vol. 165. pp. 333 et seq.) was subjected to N-tenninal sequencing on a propri- 

SSrr/LTo?Nlucosldase. Endo-Lys C protease was added to 1% of the total p«>tein and the mixU.^ 
ncubated for 1 hour at 37»C or the protein sample was subject to cyanogen bromide treatment. An equal volume of 
5 HPLC solution A (0.05% TEA/0.05% TFA in water) was added to stop the reaction. The resulting CNBr and Endo.1^ 
C fragments were separated by chromatography on a Brownlee CM column using a .near gradient of 0-100% HPLC 
solution B (0.05% TEA/0.05% TFA in n-propanol) at a jrate of 1 % per minute. Several pealcs were collected for ammo 
acid sequencing and the data are denoted in Fig. 1. 

10 Example 9 

Identification of boll gene from T. reesei 

101401 The700bpbg!lcDNAfragmentwasthenlabelledwith32pusingmethodsdescribedbySambrooketal.^^ 
0141 GenomicDf^n>mT.reeseiwaspreparedbyfifteringa24-36hourcultureofTreesgith^^^^^^ 
freezing the mycelia obtainedl^e culture medium. The frozen mycelia were then ground into a Powde^^and 
22 mis of TE. and 4 mis of 20% SDS were added to the powdered mycelia and mixed. 10 ml of phenol and chlorofon^ 
was added to the mixture prior to centrifugation and removal of the aqueous phase^200 ,xl of 5 rns/ml prote.na^ K 
was added to the organic extract, and the mixture was incubated for 20 minutes at 55»C. The DNA was_^^en ft^rth^^^ 
r^^actedbymethodsl^nown in the art usingchloroform/phenol extraction followed by ethanol precipitation.^ 

DNA was then treated with 1 M of heated ribonuclease A (lOO'C for 15 minutes) per 20 ng of genomic DNA in TE 
buffer at 37'C for 30 minutes, then cooled to room temperature. The genomic DNA from was then oit singly 

or in combination with a variety of restriction enzymes such as Eco Rl. Hind III and the like. Southern btotted and 
hydridized with the P32 labelled 700 bp cDNA fragment of the bgM gene asaprobe. From this analysis It was detemiined 

25 that Hind III was the restriction enzyme of choice used to kjcate the p-glucosidase gene. 

oT4t^10to20unitsofHindlllpermilligramofgenomicDNAwasaddedtotheDNAandthentheDNAwasextra^^^ 
with phenol-chlorofomitoTiSove protein. The treated DNAwas then alcohol precipitation and resuspendedto2grams/ 

fStt]™ amples from the Hind III digestion of genomic DNA were 'oaded on a 1% agarose gel and ftactionated 
Llecfrophoretically The gel waslh^n Southem blotted and probed with the P32 700 bp cDNA probe. A 6.0 kb band 
was identified on the Southern blot of Hjnd III digested genomic DNA from T reesei, • ,„Hfr.nmonK 

10144] The remaining Hind III genomic DNA was then subjected to a preparative gel f^^'^^^J^'^'^"^ 
angina from 5 kb to 7 kb were then electroeluted from the agarose gel and cloned into Hind III digested PUC2ia The 
e uLg plasmids were used to transfonr, E^ JM101 to create a library. Then the library was ^^I'^J^l 
hybridization using p32 labelled 700 bp bgll cDNA as a probe to identify those colonies containing DNA coding for the 

^ir^he positive colonies from the transfomiation were then picked and the DNA isolated therefrom by phenol: 

chlorofomi extraction and ethanol precipitation, described by Sambrook et al. sug^. Kin««nn« with th» 

[0146] The isolated DNA from the positive colonies was digested both singly and in venous «>'nbina ions with Mie 
ollSng Jtriction enzymes: Hind III. gco Rl. Sst 1, Keq I. Bam HI. Xfjo 1. M I. I. M l.pt 1. ^1.^ 
and Pvu II. The digestions vJi?^ subjected to agarose gel electrophoresis, and the resultant banding pattern was 
used to-^nsfruct a resfriction map of the cloned 6.0 kb genomic DNA. The same agarose gel was Sou«.em biott^d 
and probed with the p32 labelled 700 bp bgll cDNA to identify whfeh genomic restnction fragments shared homology 
with the ball CDNA. The mapping experiments confimied that the entire bgM gene «>nta"ied on the gen°™c MinJ 
n Clone. P^ii II and Bal I restriction fragments which ranged in size from 600 bp to 1500 bp hybridized with he 700 bp 
DNA bglfdone an^ere chosen for subcloning into pUC218 phagemid. After cloning these fragments into the 
phage-^iS, the Pvu II and Bal I subclones were then sequenced using the dideoxy chain termination method of Sanger 
et al (1977). It^ then diTemiined from this sequencing that the overtapping sequences of the subclones ahgned 
with a single contiguous sequence totaling 3033 bp within which the nucleotide sequence was determined on both 
50 Strands. 

Example 10 

Consfrijction of pSASB-glu 

101471 The starting vector for the construction of pSASp-glu was the plasmid pSAS. pSAS was constructed In the 
oIkJwL way. pUClOO (a commercially available plasmid vector) was digested with the restriction emiyme Smal and 
r^^Lphate groups subsequently removed bydlgestton with calf intestinalal^^ 
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fragment was purified from undigested vector and protein by agarose gel electrophoresis followed by isolation of the 
linear vector DNA from the isolated gel slice by electroelution. The amdS gene was isolated as a 2.4 kb SstI restriction 
fragm nt following separation from the vector sequences (contained in - Hynes, M.J., Corrick. CM., and King. J.A., 
"Isolation of genomic clones containing the amdS gene of Aspergillus nidulans and their us in the analysis of structural 
5 and regulatory mutations". Mol. Cell. Biol. . Vol. 3 (1983), pp. 1430-1439). The 2.4 kb SstI amdS fragment and the 2.7 
kb pUClOO vector fragment were then ligated together (Sambrook et a!., supra ) and the ligation mix transformed and 
propagated in the E. coli host strain, JM101. 

{0148] pSASp-glu was constructed by digesting pSAS with the restriction enzyme Hind III, and purifying the linear 
fragment as described above. Into this Hind 111 treated pSAS vector fragment was ligated a 6.0 kb Hind III fragment of 
L reesei genomic DNA that contained all of the coding region of the bgll gene along with sequences necessary for 
the genes transcription and translation. 

Example 11 

15 Preparation of BGL1 Deletion Vector 

[0149] The gene replacement vector pUCAP-Glu A/R pyr, illustrated in Figure SB, was constructed by cloning a 6.0 
kb genomic HIndlll fragment, known to contain the entire bgl1 gene, into the polylinker of pUC218 which had been cut 
with Hindlll and the ends dephosphorylated with calf intestinal alkaline phosphatase. The coding region for the bgll 

20 gene was then removed from this plasmid by digesting the plasmid with Apa l and E^RV at unique Apa l and EcoRV 
restriction sites situated at the very 5' and 3* end of the bgll open reading frame and Isolating the linear plasmid DNA. 
The restriction site ends were made blunt with T4 DNA polymerase. This plasmid was then ligated with an isolated 
2412 bp Hind Ill /Bam HI restriction fragment containing the pyrG gene from Asperaillus niger (Hartingsreldt et al., Mol. 
Gen. Genet. 206:71-75 (1987) in which the restriction ends were made blunt by treatment with T4 DNA polymerase 

25 to create pUCA^GIu A/R pyr (Fig. 3B). 

Example 12 

Isolation of Protoplasts 

30 

[0150] Mycelium was obtained by Inoculating 100 ml of YEG (0.5% yeast extract, 2% glucose) in a 500 ml flask with 
about 5x10^ T. reesei cells. The flask was then incubated at 37°C with shaking for about 16 hours. The mycelium was 
harvested by centrifugation at 2,750 x g. The harvested mycelium were further washed in 1.2 M sorbitol solution and 
resuspended in 40 ml of Novozym^^, which is the tradename for a multi-component enzyme system containing 1,3-al- 

35 pha-glucanase, 1 .S-beta-giucanase, laminarinase, xylanase, chitinase and protease from Novo Blolabs, Danbury, Ct., 
solution containing 5 mg/ml Novozym'^ 234; 5 mg/ml MgS04*7H20; 0.5 mg/ml bovine serum albumin; 1.2 M sorbitol. 
The protoplasts were removed from cellular debris by filtration through Miracloth (Calbiochem Corp.) and collected by 
centrifugation at 2,000 x g. The protoplasts were washed three times in 1.2 M sorbitol and once In 1.2 M sorbitol, 50 
mM CaCl2. centrifuged and resuspended. The protoplasts were finally resuspended at a density of 2 x 10^ protoplasts 

40 per ml of 1 .2 M sorbitol. 50 mM CaCl2. 

Example 13 

Transformation of Fungal Protoplasts with pSASg-glu 

45 

[0151] 200 [l\ of the protoplast suspension prepared in Example 12 was added to 20 ^il (20 \ig) of pSASp-glu in TE 
buffer (10 mM Tris. pH 7.4; 1 mM EDTA) and 50 ^1 of a polyethylene glycol (PEG) solution containing 25% PEG 4000, 
0.6 M KCI and 50 mM CaCl2. This mixture was incubated on ice for 20 minutes. After this incubation period 2.0 ml of 
the above-identified PEG solution was added thereto, the solution was further mixed and incubated at room temperature 

so for 5 minutes. After this second incubation, 4.0 ml of a solution containing 1 .2 M sorbitol and 50 mM CaCl2 was added 
thereto and this solution was further mixed. The protoplast solution was then immediately added to molten aliquot's of 
Vogels Medium N (3 grams sodium citrate, 5 grams KH2PO4, 2 grams NH4NO3, 0,2 grams MgS04-7H20, 0.1 gram 
CaCl2*2H20. 5 |ig a-biotin, 5 mg citric acid. 5 mg ZnS04-7H20, 1 mg Fe(NH4)2-6H20, 0.25 mg CuS04-5H20. 50 
MnS04*4H containing an additional 1% glucose. 1.2 M sorbitol and 1% agarose. The protoplast/medium mixture was 

55 then poured onto a solid medium containing the same Vogel's medium as stated above containing in addition acetamide 
as a nitrogen source. Since T. reesei does not contain a functional equivalent to the amdS gene only transformants 
will grow on this medium. These colonies were subsequently transferred and purified on a solid VogePs medium N 
containing as an additive, 1% glucose. The bgll gene inserted transfomnant strain is called A83pSASpGlu. 
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[0152] StabI transformants can be distinguished from unstable transformants by their faster growth rate and the 
forniation of circular colonies with a smooth rather than ragged outline on solid culture medium. Additionally, in some 
cases a further test of stability can be made by growing the transformants on solid non-selective medium, harvesting 
the spores from this culture medium and determining the percentage of these spores which will subs quently gemilnate 
and grow on s lectiv medium. 

[0153] Figur 6 is an autoradiograph of a Southern blot using the p32 labelled 700 bp fragment as a probe, of the 
different transformants with enhanced copies of the bgll gene (lanes 1-8) using genomic T. r sei from an overpro- 
ducing strain digested with Hind III as a control (lane 9). This autoradiograph clearly shows that the transformants 
contained enhanced amount of the bgll gene compared with the control. 

[01 54] Figure 4 is an autoradiograph of a Northern blot of RNA isolated from one of the transfomied strains (lane A) 
produced by the present Invention following induction with soporose illustrating a corresponding Increase In the levels 
of bgll message when compared to the parental strain of T. reesei (lane B). 

[0155] Besides visual analysis of the transformants, quantitative analysis was also completed by cutting the appro- 
priate bands out of the Nytran^ membrane and counting the radioactive label present therein in a scintillation counter. 
This experiment was perfomied to obtain a more precise estimate of the relative amounts of message as shown in 
Table III below: 

TABLE I 



CPM 


Parental Trichoderma reesei strain 


Transformed Trichoderma reesei strain 


CPM p-glu message 


14.4 


25.4 


CPM CBHll 


227.1 


95,2 


CPM p-glu/CBHIl 


0.0634 


0.2668 



[0156] Table III illustrates that the transformant produced by the process of the present invention has extra P-glu- 
cosidase mRNA and hence an increase in p-g'^cosidase enzyme resulting in an increase in specific activity. 
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Example 14 

Transformation of Fungal Protoplasts with pUCApGlu A/R 2yr4 

[0157] Mutants of T. reesei lacking the coding sequence for the extracellular p-glucosidase gene, bgll, were obtained 
by a targeted gene replacement event. pUCApGlu A/R 2yr4 plasmid was digested with Hirid III to obtain a linear Hindlll 
fragment in which the bgM coding sequences were replaced with the 2yrG gene from Aspergillus niger. Protoplasts 
were transformed with the linear DNA fragment containing the ball flanking sequences and the by the methods 
of Examples 12 and 13. The deletion transformants were called A12 and A36. After transformation, the protoplast 
solution was then added to molten aliquots of Vogel's Medium N containing an additional 1% glucose, 1.2 M sort)itol 
and 1% agarose. The protoplast/mdium mixture was then poun-ed into a solid medium containing the same Vogel's 
medium N. No uridine was present in the medium and therefore only transfonmed colonies were able to grow as a 
result of complementation of the 2yr4 mutation of the T, reesei strain RL-P37 by the wild type ^ gene inserted in 
the DNA fragment. Stable transfomiants were then selected by the method recited in Example 13. 
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Example 15 

Analysis of the Transformants 

[01 58] The transformants were analyzed for the presence or absence of the bflll gene using the 700 bp cDNA probe 
recited above. The transfomiants were digested using Hindlll. Total genomic DNA from selected transformants was 
digested with Hindlll restriction enzyme, run on a 1% agarose gel. transferred to Nitran^ membrane and probed with 
a P32 labelled 700 bp cDNA rectied above and visualized by autoradiography on X-ray film. The results of this analysis 
are set forth In Figure 5A illustrate that the transfomiants (A12 and A36) did not contain a band corresponding to the 
bgll gene whereas the wild type strain (RL-P37, i.e.. P-37) did. 

[0159] mRNA isolated from the transfomiants of Example 14 and analyzed on a Northern blot, as in Example 2, As 
indicated in Figure 5B. Northern blot analysis using the P32 labelled 2.2 Kb Aeal/EcoRV bflM probe indicated that bgll 
specific mRNA was present in T, resei RL-P37 pyrG69 and is absent in the transformants A12 and A36. 
[01 60] Protein was recovered as per Example 8 above and then analyzed for the presence of p-glucosidase by use 
of polyclonal antibodies (from rabbits challenged with pure p-glucosidase) tagged with horseradish peroxidase to pemiit 
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detection. The antibodies were used to identify pure p-glucosidase (1 00 ng - Column A; 1 000 ng - Column B); cellulas 
produced from wild type T. reesei (Column C); and from cellulase produced by a T. reesei strain genetically engineered 
to delete the p-glucoidase gene (Column D). The results of this analysis ar set forth in Figure 5C and show that only 
Column D did not contain p-glucosidase. 
5 [0161] While th invention has been described In terms of various preferred embodiments, the skilled artisan will 
appr date that various modifications, substitutions, omissions, and changes may be made without departing from the 
scope thereof. Accordingly, it is intended that the scof^ of the present Invention be limited solely by the scope of the 
following claims, including equivalents thereof. | 

10 

Claims 

1. A process for modifying the expression of extracellular ^-glucosidase In a filamentous fungus comprising trans- 
forming said fungus with an expression vector containing a fungal DNA sequence which: 

15 

(a) is capable of enhancing the expression of extracellular ^glucosidase through the presence of at least one 
additional copy of a fungal p-glucosidase gene; or, 

(b) encodes an altered extracellular ^-glucosidase i.e. an enzyme having an amino acid sequence which has 
been altered with respect to that encoded by the bgll gene derived from Trichoderma reesei by manipulating 

20 said bgll DNA sequence. 

2. A process for enhancing the expression of extracellular P-glucosidase according to claim 1(a), wherein said ex- 
pression vector comprises all of a coding region of a fungal p-glucosidase gene and sequences necessary for the 
P-glucosldase gene's transcription and translation. 

25 

3. The process according to claim 1 or claim 2. wherein said filamentous fungus is selected from the genus of Tri- 
choderma, Aspergillus , Neurospora , Humicola and Penicillium. 

4. The process according to claim 3, wherein said filamentous fungus is Trichodemia reesei, Trichoderma viridae, 
30 Trichoderma koningii , Aspergillus niger . Aspergillus nidulans, Aspergillus wentil, Aspergillus oryzae . Aspergillus 

phoenicis . Neurospora crassa . Humicola grisea. Penicillium pinophilum or Penicillium oxalicum > 

5. The process according to any one of the preceding claims, wherein said p-glucosidase gene is a bgll gene derived 
from Trichoderma reesei. 

35 

6. The process according to claim 5. wherein said bgll gene comprises the amino acids encoded by the nucleotide 
sequence from 311 to 2679 of Figure 1. 

7. The process according to any one of the preceding claims, further comprising the step of isolating transfonnants 
40 having modified p-glucosidase expression. 

8. The process according to claim 7, further comprising the steps of: 

(a) culturing said transformants under conditions to pemiit growth of said transform ants; and 
45 (b) isolating a recombinant fungal cellulase composition produced from said transfomiants. 

9. The process according to claim 8, wherein said recombinant fungal cellulase composition Is isolated by: 

(a) centrifuging said culture medium containing said transformants to form a supernatant and a pellet; and 
50 (b) filtering said supernatant to obtain a recombinant fungal cellulase composition. 

10. The process according to claim 9, wherein an antimicrobial agent is added to said recombinant fungal cellulase 
composition after filtration. 

55 11. The process according to any one of claims 8 to 1 0, further comprising the step of purifying an expression product 
from said isolated recombinant fungal cellulase composition. 

12. A fungal cellulase composition derived from a filamentous fungus comprising a recombinant altered extracellular 
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Hlucosidase produced by the process of any one of claims 8 to 10 only to the extent that they are dependent on 
claim 1(b). 

13 A method of producing glucose from cellulosics or hetero-glycans. comprising use of a recombinant fungal cellulase 
' composition having enhanced p^lucosidase activity produced by the process of any one of claims 8 to 10 only to 

the extent that they are dependent on claim 1(a). • 

14 A method of degrading the cellulosics present in fUdstock. biomass or sludge comprising use of a iBcombinant 
fungal cellulase composition having enhanced p-g'ucosidase activity produced by the process of any one of claims 
8 to 10 only to the extent that they are dependent on claim 1(a). 

15 A method for degrading cellulose to glucose comprising use of a recombinant fungal cellulase composition having 
' enhanced p-glucosidase activity produced by the process of any one of claims 8 to 10 only to the extent that they 

are dependent on claim 1(a). 

16 A method of using the recombinant fungal cellulase composition having enhanced p-glucosldase activity produced 
by the process of any one of claims 8 to 1 0 only to the extent that they are dependent on claim 1(a), or punfied ^ 
glucosidase produced from the process according to claim 1 2 in food additives to enhance the flavour and aroma. 

1 7 A detergent composition comprising a cleaning effective amount of a surfactant and at least 0.0001 weight percent 
of a recombinant fungal cellulase composftion having enhanced ^glucosidase activity produced by the process 
of any one of dabns 8 to 10 only to the extent that they are dependent on claim 1(a). 

18 A method of using the cellulase composition having enhanced p-glucosidase activity produced by the process of 
' any one of claims 8 to 10 only to the extent that they are dependent on claim 1 (a), wherein said method comprises 

adding said recombinant fungal cellulase composHion to yeast and biomass to form a mixture and cultunng said 
mbrture at a sufficient temperature and for a sufficient period of time to produce ethanol. 

19. Transformants produced by the process according to claim 7 only to the extent to which it is dependent on daim 
1(a). 

20 A method of using transfbrmants having enhanced extracellular p-glucosidase activity of claim 19 only to the extent 
■ to which it is dependent on claim 1(a). said method comprising adding said transfbrmants to yeast and biomass 
to form a mixture and culturing said mixture at a sufficient temperature and fbr a sufficient period of time to produce 
ethanol. 

21. The method according to claim 18 or claim 20. wherein said yeast is B, clausenii, S, cerevisiae, Celluloyticus 
acidothermophilium C. brassicae. C. lustlnaniae . S. uvarum or Schizosaccharomvces pombe. 

22. A nucleotide sequence of a bgll gene which entire sequence or a portion is or is not labelled for use as a probe 
wherein the bgll gene has the nucleotide sequence of Figure 1 . 

23. A method of using a probe comprising a nucleotide sequence according to claim 22. for identifying a p-glucosWase 
gene from a filamentous fungus. 

24. The method according to claim 23 wherein said probe is derived from Trichoderma reesei. 

25. The method according to claim 23 or claim 24 virtierein one or more probes can be used to identify said p-glucosi- 
dase gene from a filamentous fungus. 



PatentansprOche 



1 Verfahren zur Modifizierung der Expression von extrazellularer p-Glucosidase in einem filamentosen Pilz. umfas- 
send das Transfonnieren des Pilzes mit einem Expressionsvektor. enthaltend eine Pilz-DNA-Sequenz. weiche: 

(a) fahig zur Erhohung der Expression von extrazellularer p-Glucosidase durch die Gegenwart mindestens 
einerzusatzlichen Kopie eines Pilz-p-Glucosidase-Gens ist; Oder 
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(b) eine veranderte extrazellular p-Glucosidase codiert. d.h. ein Enzym mit iner Aminosauresequenz, welche 
in Bezug auf diejenige. codlerX vom bgH -Gen, abgelettet aus Trichoderma reesei. durch Manipulieren der 
bgll-DNA-Sequ nz verandert wurde 

5 2. Verfahr n zur Erhohung der Expression von extrazellularer ^Glucosidase gemaB Anspruch 1(a), wobei der Ex- 
pr ssionsvektor die gesamte codierende R gion eines Pilz-^Glucosidase-Gens und fur die Transkription und 
Translation des p-Glucosidase-Gens notwendige Sequenzen umfasst. 

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei der filamentose Pilz gewahit ist aus der Gattung Trichoderma. 
10 Aspergillus. Neurospora , Humlcola und PeniciHium. 

4. Verfahren nach Anspruch 3« wobei es sich bei dem filanrientdsen Pilz handelt urn Trichodenma reesei , Trichoderma 
viridae, Trichoderma koningii. Aspergillus niger. Aspergillus nidulans, Aspergillus wentii, Aspergillus oryzae. As- 
pergillus phoenicis Neurospora aassa, Humicola grisea. Penicillium pinophilum oder Penicillium oxalicum. 

15 

5. Verfahren gemafi mindestens einem der vorstehenden Anspruche. wobei das ^Glucosidase-Gen ein bgll-Gen, 
abgeleitet aus Trichoderma reesei, ist. 

6. Verfahren gemaa Anspruch 5. wobei das bgh-Gen die von der Nukleotldsequenz von Figur 1 von 311 bis 2679 
20 codierten Aminosauren umfasst. 

7. Verfahren gemafi mindestens einem der vorstehenden Anspruche, ferner umfassend den Schritt des Isolierens 
von Transfomfianten mit modifizierter p-Glucosidase-Expression. 

25 8. Verfahren gemal^ Anspruch 7. ferner umfassend die Schritte: 

(a) Kultivieren der Transformanten unter Bedingungen. um das Wachstum der Transformanten zu gestatten; 
und 

(b) Isolieren einer rekomblnanten Pilz-Cellulase-Zusammensetzung, hergestellt aus den Transformanten. 

30 

9. Verfahren gema& Anspruch 8. wobei die rekombinante Piiz-Cellutase-Zusammensetzung isoliert wird durch: 

(a) Zentrifugieren des Kulturmediums, enthaltend die Transformanten. um einen Uberstand und ein Pellet zu 
biiden; und 

35 (b) Filtrieren des Oberstands. wodurch man eine rekombinante Ptiz-Cellulase-Zusammensetzung erhalt. 

10. Verfahren gemaH Anspruch 9, wobei nach der Filtration ein antimikroblelles Mittel zu der rekomblnanten Pilz-Cel- 
lulase-Zusammensetzung gegeben wird. 

40 11. Verfahren gemdH mindestens einem der Anspruche 8 bis 10. femer umfassend den Schritt des Reinigens eines 
Expressionsprodukts aus der isolierten rekomblnanten Pilz-Cellulase-Zusammensetzung. 

12. Pitz-Ceilulase-Zusammensetzung, abgeleitet aus einem fitamentdsen Pilz, umfassend eine rekombinante veran- 
derte extrazelluiare p-Glucosidase, hergestellt durch das Verfahren von mindestens einem der Anspruche 8 bis 

45 10 nur zu dem Ausmad, in welchem sie abhangig von Anspruch 1(b) sind. 

13. Verfahren zur Herstellung von Glucose aus Cellulose-Arten oder Heteroglykanen, umfassend die Verwendung 
einer rekomblnanten Pilz-Cellulase-Zusammensetzung mit erhohter p-Glucosidase-Aktivitat, hergestellt durch das 
Verfahren von mindestens einem der Anspruche 8 bis 10, nur zu dem Ausma&, in dem sie abhangig von Anspruch 

50 1(a) sind. 

14. Verfahren zum Abbau von Cellulose-Arten, vorhanden in Einsatzmaterial, Biomasse oder Bodensatz-Schlamm, 
umfassend die Verwendung einer rekomblnanten Pilz-Cellulase-Zusammensetzung mit erhohter p-Glucosidase- 
Aktivitat, hergestellt durch das Verfahren von mindestens einem der Anspruche 8 bis 10. nur zu dem Ausmad, in 

55 dem sie abhangig von Anspruch 1 (a) sind. 

15. Verfahren zum Abbau von Cellulose zu Glucose, umfassend die Verwendung einer rekomblnanten Pilz-Cellulase- 
Zusammensetzung mit erhohter ^Glucosidase-Aktivitat, hergestellt durch das Verfahren von mindestens einem 
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der Anspriiche 8 bis 10, nur zu dem Ausmali. in dem sie abh§ngig von Anspruch 1(a) sind. 

16 Verfahren zur Vewendung der rekombinanten Pllz-Cellulase-Zusammensetzung mil erhohter p-Glucosidas -Ak- 

■ tivitat. hergestellt durch das Verfahren von mindestens einem der Anspriiche 8 bis 10. nur zu dem AusmaB. .n 
dem sie abhangig von Anspmch 1(a) sind. oder gereinlgter p-Glucosidase. hergestellt aus dem Verfahren nach 
Anspruch 12, in Nahrungsmittelzusatzen, urn Geschmack und Aroma zu verstarken. 

17. Reinlgungsmittelzusammensetzung. umfassend iinen reinigungswirksamen Gehalt eines Tensids und rninde- 
stens 0 0001 Gew.-% einer rekombinanten Pilz-Celluiase-Zusammensetzung mit erhohter p-Glucosidase-AWivi- 
tat. hergestellt durch das Verfahren von mindestens einem der Anspruche 8 bis 10. nur zu dem Ausmali. .n dem 
sie abhangig von Anspruch 1(a) sind. 

18 Verfahren zur Verwendung der Cellulase-Zusammensetzung mit erhohter p-Glucosidase-Aktivitat hergestellt 
' durch das Verfahren von mindestens einem der Anspruche 8 bis 10. nur zu dem AusmaB, daB sie abhangig von 
Anspruch 1(a) sind. wobei das Verfahren das Zugeben der rekombinanten Pilz-Cellulase-Zusammensetzung zu 
Hefe und Biomasse unter Bildung einer Mischung und das Kultivleren der Mischung bel einer ausreichenden Tem- 
peratur und wahrend einer ausreichenden Zeitdauer umfaBt. urn Ethanol herzustellen. 

19. Transfonnanten, hergestellt durch das Verfahren gemSB Anspruch 7 nur zu dem AusmaB. zu dem es abhangig 
20 von Anspruch 1(a) 1st. 

20 Verfahren zur Verwendung von Transformanten. welche erhohte extrazellulare p-Glucosidase-AktivHat aufwelsen. 
von Anspruch 19, nur zu dem AusmaB, zu dem es abhangig von Anspruch 1(a) ist. wobei das Verfahren das 
Zugeben der Transfonnanten zu Hefe und Biomasse unter Bildung einer Mischung und das Kult.vieren der Mi- 
schung bel einer ausreichenden Temperatur und wahrend einer ausreichenden Zeitdauer umfaBt. um Ethanol 
herzustellen. 

21 Verfahren gemaB Anspruch 18 Oder Anspruch 20. wobei die Hefe B, dai^. a cgrgvisjae. Celhiloyticus acido- 
thermophilium . C. brassicae. C. lustinantee, S, uyarum oder Schlzosaccharomyces pombe ist. 

22 Nukleotidsequenz eines bgh-Gens. wobei die gesamte Sequenz oder ein Teil markiert ist oder nteht. zur Verwen- 
dung als eine Sonde, wobei das bgh-Gen die Nukleotidsequenz von Figur 1 aufweist. 

23. Verfahren zur Verwendung einer Sonde, umfassend eine Nukleotidsequenz nach Anspruch 22. zum Identifizieren 
35 eines p-Glucosidase-Gens aus einem filamentosen Pilz. 

24. Verfahren nach Anspruch 23. wobei die Sonde aus Trichodemia reesei abgeleitet ist. 

25. Verfahren nach Anspruch 23 oder Anspruch 24. wobei eine oder mehrere Sonden venwendet werden kdnnen. um 
40 das p-Glucosidase-Gen aus einem filamentosen Pilz zu identifizieren. 

Revendications 

45 1 Proc6d6 pour modifier I'expression de la p-glucosidase extracellulaire dans un champignon filamenteux. compre- 

■ nant la transfomiatlon dudit champignon k I'aide d'un vecteur d'expression contenant une s6quence d ADN fbn- 
gique qui : 

(a) est capable d'am6liorer I'expression de la p-glucosidase par la pr6sence d'au moins une copie suppi6men- 
50 taire d'un gfenede la p-glucosidase fongique;ou „A„..„«.oH>«.i 

(b) code une B-glucosidase extracellulaire modifi6e. c"est-&-dire une enzyme poss6dant une s6quence d aci- 
des amin6s qui a 6t6 modifi6e. par rapport d celle qui est cod6e par le g6ne bgll d6riv6 de Trichodemia reesei, 
par manipuiatfon de ladite s6quence d'ADN de bgll . 

55 2 Proc6d6 pour am6liorer I'expression de la p-glucosidase extracellulaire seton la revendication 1(a). dans lequel 

■ ledU vecteur d'expression comprend la totality d'une region codante d'un gfene de p-glucosidase fbngique et les 
s^uences n6cessaires pour la transcription et la traduction du gfene de la p-glucosidase. 
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3. Proc6d6 s Ion la revendicatlon 1 ou la revendication 2, dans lequel ledit champignon filament ux est s^l ctionn§ 
parmilesg nres Trichoderma, Aspergillus , Neurospora . Humicola et Penicillium . 

4. Proc6d§ s Ion la revendication 3. dans lequel ledit champignon filamenteux est Trichoderma r es i, Trichoderma 
5 viridae . Trichoderma koningli , Aspergillus niger . Aspergillus nidulans. Aspergillus wentir. Asp rgillus oryza , As- 
pergillus phoenicis . Neurospora crassa, Humicola grisea . Penicillium pinophilum ou Penicillium oxalicum . 

5. Proc^d^ selon Tune quelconque des revendications pr6c6dentes. dans lequel ledit g^ne de la p-glucosidase est 
un g6ne bgl1 d6riv§ de Trichoderma reesei. 

10 

6. Proc^d^ selon la revendication 5, dans lequel ledit g§ne bgll comprend les acides amines cod^s par la sequence 
nucl^otidique allant de 311 d 2.679 dans la Figure 1. 

7. Proc^d^ selon Tune quelconque des revendications pr^c^dentes, comprenant, en outre, T^tape qui constste h 
IS isoler les transfonmants qui expriment la p-glucosidase modifi^e. 

8. Proc6d§ selon la revendication 7, comprenant. en outre, les §tapes qui consistent k : 

(a) cutttver lesdits transformants dans des conditions permettant leur croissance ; et 
20 (b) Isoler une composition de cellulase fonglque recomblnante produlte par lesdits transformants. 

9. Proc^d^ selon la revendication 8, dans lequel on Isole ladite composition de cellulase fonglque recombtnante en : 

(a) centrifugeant ledit milieu de culture contenant lesdits transformants de mani^re d fonmer un sumageant et 
25 un culot ; et 

(b) filtrant ledit surnageant de maniere a obtenir une composition de cellulase fonglque recomblnante. 

10. Proc6d§ selon la revendication 9, dans lequel on ajoute un agent antimicrobien d ladite composition de cellulase 
fonglque recomblnante apr^s la filtration. 

30 

11. Proc^d^ selon I'une quelconque des revendications 8 d 10, comprenant, en outre, r^tape qui consiste d purifier 
un produit d'expression de ladite composition de cellulase fonglque recomblnante Isolde. 

12. Composition de cellulase fongique d^riv^e d'un champignon filamenteux. comprenant une p-glucosldase extra- 
3S cellulaire modifi^e recomblnante produite par le proc6d§ selon I'une quelconque des revendications 8 d 10 seu- 

lement dans la mesure ou elles sont d^pendantes de la revendication 1(b). 

13. Proc^d^ pour produire du glucose a partir de d^riv^s de cellulose ou d'h6teroglycans, comprenant Tutilisation 
d'une composition de cellulase fonglque recomblnante poss^dant une activity p-glucosldase accrue produlte par 

^0 le proc^d§ selon I'une quelconque des revendications 8 d 10 seulement dans la mesure ou elles sont d^pendantes 

de la revendication 1(a). 

14. Proc^d^ pour d^grader les d6riv6s de cellulose presents dans les produits de base, la biomasse ou les boues. 
comprenant rutillsation d'une composition de cellulase fongique recomblnante poss^dant une activity P-glucosl- 

<5 dase accrue produite par le proc^e selon Tune quelconque des revendications 8 d 1 0 seulement dans la mesure 

ou elles sont d^pendantes de la revendication 1(a). 

15. Proc^d^ pour d^grader la cellulose en glucose, comprenant Tutilisation d'une composition de cellulase fongique 
recomblnante poss^dant une activity p-glucosldase accrue produlte par le proc§d6 selon i'une quelconque des 

50 revendications 8 d 10 seulement dans ia mesure ou elles sont d6pendantes de la revendication 1(a). 

16. Proc6d§ pour utiliser la composition de cellulase fongique recombinante poss^dant une activity p-glucosidase 
accrue produite par le proc^d^ selon Tune quelconque des revendications 8^10 seulement dans la mesure ou 
elles sont d^pendantes de la revendication 1(a), ou une p-glucosidase purifi6e produite d partir du proc6d6 selon 

55 la revendication 12. dans des adjuvants alimentaires pour renforcer la saveur et les ardmes. 

17. Composition d^tergente comprenant une quantity, efficace pour le nettoyage, de tensioactif et au moins 0,0001 
pour cent en poids d'une composition de cellulase fongique recombinante poss^dant une activity p-glucosidase 
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accrue produite par le proc6d§ selon Tune quelconque des revendicatlons 8^10 seulement dans la mesure ou 
elles sont d^pendantes de la revendication 1(a). 

18 Proc6d6 pour utiliser la composition de cellulase poss6dant une activity ^glucosidase accrue produite par le 
proc6d6 s Ion Tune quelconque des revendicatlons 8^10 seulement dans la m sure ou elles sont d6pendantes 
de la revendication 1(a), dans lequel ledit proc6d6 comprend les 6tapes consistant d ajouter ladite composition 
de cellulase fongique recombinante ^ de la levure et de la biomasse afin de former un m6lange, et d cultiver ledit 
melange k une temperature suffisante et pendant une p6riode de temps suffisamment longue pour produire de 
rethanol. 

19. Transformants produits par le proc6d6 selon la revendication 7 seulement dans la mesure ou elle est d6pendante 
de la revendication 1(a). 

20 Proc6d§ pour utiliser les transformants poss6dant une activity p-g«ucosidase extracellulalre accrue selon la re- 
ts vendication 19 seulement dans la mesure ou elle est d^pendante de la revendication 1(a). ledit proc§d6 compre- 
nant les 6tapes consistant d ajouter lesdits transformants a de la levure et de la biomasse afin de former un 
melange, et k cultiver ledit m6lange ^ une temperature suffisante et pendant une periode de temps suffisamment 
longue pour produire de rethanol. 

20 21. Proc6d6 selon la revendication 18 ou la revendication 20. dans lequel ladite levure est B. clausenii. S.cerevlsiae, 
Cellulovticus acidothermophilium . C. brassicae. C. lustinaniae, S. uvarum ou Schizosaccharomyces pombe. 

22 Sequence nucl§otidique d'un gene ball dont la s6quence en entler. ou une portion de celle-cl. est ou n'est pas 
marqu6e en vue d'§tre utllis6e en tant que sonde, dans laquelle le gfene bgll possWe la sequence nucl6otidique 
25 de la Figure 1. 

23. M6thode d'utllisation d'une sonde comprenant une sequence nucl6otidlque selon la revendication 22 en vue d'iden- 
tifier un g§ne de la p-glucosidase d'un champignon filamenteux. 

30 24. Methode selon la revendication 23, dans laquelle ladite sonde est d6riv6e de Trichoderma reesei. 

25. M6thode selon la revendication 23 ou la revendication 24. dans laquelle on peut utiliser une ou plusieurs sonde 
(s) pour identifier ledit g6ne de la p-glucosidase d'un champignon filamenteux. 

35 
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FIG. 1 



'SQOOM3€fi OXtCMSTK QOXOaXSC Tl^^ 60 

AAATCSEAAA ' IClUJU ' miU CtSOOSNSK GMOSKPQK JOTIOOGCBC AKRSCIOQCS 120 

KXaXlMSK TTICIOCMC OnKKCMSi fCfOTIOCCC TKXXXS^MA GOGACnCMC MO 

OCZ9SAGAGIC OCAACIGGTT OCITCMnTA OQOCKXnC 0CMSACIA3X IS^ACXTOTOG 240 

hCMCticrcr ccmCTrcA bTicj ' m. ' iA ootcicrrsA ocsagaoot tcigitsaoc 300 

OCMICAGAA AOG OCT 1AC CGA ACA OO^ OCT OCXS CIG cdi CIT OOC ACT 349 
Het Arg lyr Arg Sir Ala Ala Ala Uu Ala Uu Ala Hir 
15 10 

OQG OOC TTT OCT AOS GCA GAC ACT CA GDOMCIOS TOCAIMCTtSS 395 
Gly Pro R>e Ala Arg Ala Asp Ser His 
IS 20 
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FIG. 1 (Con't) 

CKnavxxr coaocioof. gacaocmoc TGACicira AicManws c xa 452 



C»fiOC3CaS'0DCAACTOGGftGO(XrTICOGTGIC(OT0CATWCICAtt 
Gin Cly Gly Ai9 Asn ftp Glu Cly Bie Cly VSd Asp Pro lyr Uu Ihr 
155 160 1*5 



SOO 



s5 Sy Ala Ser Ala Glu Ma Val val pro Pro Ala Cly Ihr Pro ftp 
25 30 35 

rnxXXOaJBCGACAACOBAACGCr OCATTOOCAWCCTCA^ 548 
S S S. ?r ASP lys Ala 1^ Ala ^ Uu Al. I#s Uu A« l«i 
•* 45 50 " 

rkAGATAAC(nC0QCATC<TOA0Can'<aC<«TO3AAC<«0CT0Cr 
Si S iJb Si Sy lie vai Ser Cly Val ply Ttp Asn Cly Cly Pto 
60 

TOC<nT0GAA»CACATCTOC»arTCrAAGA3CA0CWOaTO 
SSSSjAsnlhrSerProAlaSerltfsIleSerTyrProSerUu 



596 



644 



75 80 W 

^ S an ASP Gly Pro IBU Cly val Atg lyr ser Bir Cly ser Ihr 
90 95 100 

aETITAOCCOCaSCGITCAAOaSOaCTQGACCTaS GAT CaC AAT TIG 
aS S S S Cly val Gli> Ala Ala ser ^ ftp ASP vai A« l« 

MCaXTGAAOTOCS^CJ^STrCAICOCTGACGAGCIGAACOCETOGGQG 
ne 5^ Glu Aig Gly Gin B« He Gly Glu Glu Val ly. Ala Ser Cly 

MTOffCICAaxmOCTCXTCroOCTaBCaSCroQGAAMACTOT 836 
S h£ val lie Leu Gly Pro val Ala Gly Pro Leu Cly lys Ihr Pro 
140 M5 150 



692 



740 



788 



864 



Ga:ATrOOCMGa3TCAAAa:ATCAACOOCA3CCftSTaSGTAOaCTG 932 
ne S »tet Gly Gin Thr lie Asn dy He Gin Ser val Gly val 
' 170 175 180 

CRCOCBAaOOCAMCftClM'ATCCICAACGMOCGAGCICAATOGA 980 

Gin Ala Bit Ala lys His lyr He Leu Asn Glu Gin Glu Asn Arg 
185 190 195 200 

<aAA0CAlTTa;*GCAAC0CAGATGACOGAACTCrCCWaCCT5TC 1028 
SuSneSerSerAsnftoAspAspArglhrLaiHisGluleuTyr 

205 210 215 
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FIG. 1 (Con'tJ 



ACTTOCXATiTOcrcyuroocGrrrcMoocAATGrcoCT io76 

Ihr Ttp Pxo Rtt Ala Asp Ala Val Glh Ala ten Val Ala Ser Val Met 
220 225 230 

T!QClXX;TPCfJCtMGlX:PMKXhCC^ 1124 
eye Ser lyr Asn lys Val Asn Thr Thr Ttp Ala C/s Glu Asp GIa lyr 
235 240 245 

AaSCIGGKACrGIGOGAAAGACCMSCIGOXTIC 1172 
Ihr l£U Gin Ihr Lai lys Asp Gin lAi Gly !te Ito Gly lyr ViBd 
250 255 260 

ATO AOS GAC Ta;AAC0CA(X;ayCAa;ACrGICCMAGCaSAAX1Cr U20 

MetlhrAspTrpAsnAlaGlnHisQurlhrVUGlnSerAlaAsnSer 

265 270 275 280 

aSCTTGACATOTCAAIcarTGCrACXGACTICAACa;^ U68 
Gly IBU Asp Met Ser Met Pxo Gly Ihr Asp Rie Aa) Gly Asn Aai Atg 
285 290 295 

CIC TOSasrOCXGCTCICAOCAATOCSSGIA AAT AOC AftT OG GIC OQC 1316 
Leu Trp Gly Pro Ala t£U Hut Asn Ala Val Asn Ser As) Gin Val Pto 
300 305 310 

AaSASCAG^GICGACGAXAroGTCACrOCTAICCTCG^ 1364 
Ihr Ser Arg val Aq;> Asp Met Val Ihr Az9 lie Leu Ala Ala Ttp lyr 
315 320 325 

TIG ACA OOC CAG GAC cm; GCA OX TXT OQS TOS TIC AAC A3C MC AGA 1412 
Leu Thr Gly Gin Asp Gin Ala Gly lyr Pro Ser Rie Asn He Ser Arg 
330 335 340 

AAT GIT CAA GGA AAC CAC AAG AOC AAT GIC MG GO^ ATT OX AGS GAC 1460 
Asn Val Gin Gly Asn His Lys Thr Asn Val Arg Ala He Ala At^ Aqp 
345 350 355 360 

QGCATCGITCroCTCAAGAATGACOCrAACAICCIGaS 1508 
Gly He Val Leu Leu lys Asn Asp Ala Asn He Leu Pro Leu 1^ lys 
365 370 375 

OQC OCT AOC A3T GOC GIC GIT QGA TCT OOC GCA ATC AIT GGT AAC GAC 1556 
Pko Ala Ser He Ala Val Val Gly Ser Ala Ala He lie Gly Asn His 
380 385 390 

OOCAGAAACTCSCO:TCCTtrAACGACAAAGCX:TGCG^CGAC 1604 
Ala Arg Asn Ser Pro Ser Cys Asn Asp lys Gly Cys Asp Asp Gly Ala 
395 400 405 

TPS QSC ATO OCT TSS GGT TCC GOC OOC GIC AAC TKT 0C3S lAC ITC GTC 1652 
Leu Gly Met Gly Trp Gly Ser Gly Ala Val Asn lyr Pro Tyr Rie Val 
410 415 420 
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1700 



1748 



FIG. 1 (Con't) 

aS fto lyr Asp Ala lie Asn Thr Ai:9 Al« S« S« a« «y 'J^f S!J 
425 430 

GrrAcrTrci«A^cAcraw:AACAa;TccTCAoaoap 
vil 5i LM Ser Asn mr Asp Asn Oir Ser Ser Gly Ala Ser Ala Ala 
445 450 455 

A^aSlAWaiCGICarAaCGrcTrcATCAOCOOCGACTCCOSrGAA 1796 
JS5 Sy 1*8 Asp V*l Ala lie Via Ite lie Ihr Ala Asp Ser Gly Clu 
^ 465 470 

QQCTSCAJCAaGTCCaGOGCAACOasaSCGWCXJCAACAACCIGGKP 1844 
Cly IVr He Ihr Val Clu dy Asn Ala Gly Asp Arg Aai Asn Uu Asp 
475 460 

mSltaOCAACOaAWOOCCTCClCCKJOCCGTCGOCOSrOOCAAC 
TtP Hie Asn Cly Aan Ala Lai V4l Oln Ala V*l Ala Gly Ala Asn 
490 495 500 

AttAACGICATTCrrCTrcrCCaCTXCITOOCOOCAaCATrCIOGWS 
ser Asn va He Val vaa ViJ His Ser val Gly Ala lie He Leu Glu 
IS 510 515 520 

o«;ATrciTocrciToacc»c(TCA*coocciT<acia;ocBoorOT 
cinlleLBuAlaLeuPtoClnVallysAlaVilValTtpAlaClyUu 
525 530 535 

OCTlCTOCGMAaOtXAAXaCCIC<nCGACCnCCPGTOGOGAGAT 
Pro Ser Gin Clu Ser Cly Asn Ala Lbu Val Asp Val leu Tip Cly Asp 
540 545 550 

CICACCOCrTCrOOCAWJCreGTCTaCAOCAaTOaSAMAOCarAAT 2084 
val Ser Pro Ser Cly lys Leu vaiiyr Tl>r He Ala lys Ser Pro Aa 
555 560 565 

GACTM-AACACraJCMCGrrTOCOaCtXrACrGRCMCTrCAOCGftG • 2132 
Asp Tyr AsnTlir Arg He Val Ser Gly Cly Ser Asp Ser Bie Ser Clu 
570 575 580 

OGACIGTlCAaCGACDa'AACCACTrcGACGACOOCAKrAICAOCCXC 2180 
Gly Phe He Asp Tyr lys His Rie Asp Asp Ala Asn He Ihr Pro 
585 590 595 600 

OOG TtC etc TTC OOC TAT OGA CTG T GOMSmOC TMCCIGMC 2225 
Am lyr Clu Bie Cly lyr Cly Leu 
605 

AMClArnG AC3»DGTIGAC TGA0QGA3GA dGIOGAAIG KOC CT lAC AOC AMS 2280 

Ser lyr Ihr lys 
610 



1892 



1940 



1988 



2036 
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FIG. 1 (Con't.) 



TtC AMC TfC TA GOC CIC TOC GIC TIG 105 AOC OOC AAC TCT GCT OCT 2326 
Rie Asn TyrSerJUE^LeaSerValLeuSer Ihr Ala lys Ser Gly l>to 
615 620 625 

OCGACrOCJGOOCCnTGTCOCDOGACZSCOa: ACT GAT CTC TTC OG AAT 2376 
Ala Ihr Gly Ala Val Val Pro Gly Gly Pro Ser Asp Leu Ite Gin Asn 
630 635 640 

GICOOGAACICAOCCITGACAaCOCAAACTCTGXCAAGICJycrGGT 2424 
Val Ala nir val Thr Val Asp Zle Ala Asn Ser Gly Gin Val Ihr Gly 
645 650 655 660 

GOC GAG 6IX OCT OG CPS TJC KTC AOC "DC OCA TCT TCA OCA OK AGS 2472 
Ala Glu val Ala Gin Leu Tyt He Ihr lyr Pro Ser Ser Ala Pro Ax^ 
665 670 675 

AGC OCTCCBAMSCMSCIGGGAOOCTITOOCMSCIGAACCICAOSCCr 2520 
Ihr Pro Pro lys Gin Leu Arg Gly Rie Ala Xys Leu Asn Leu Ihr Pro 
680 685 690 

OCT CM5AXaC3lACAGCAAatTICAACA3C OGA OGA OGA GAT CIC MX 2568 
Gly Gin Ser Gly Ihr Ala Ihr Ihe Asn lie Azg Arg Axg Aqp lai Ser 
695 700 705 

TAC TQS &C MX GOT TOS CMS AAA T06 GIG <?IG COS T05 OOS TOS TIT 2616 
lyr Ttp Asp Ihr Ala Ser Gin lys Itp Val Val Pio Ser Gly Ser Ihe 
710 715 720 

OOC AaCAOCGICOGAOCSAOCAOCOCSGKT JOC AK GIG AOS AK ACT 2664 
Gly He ser Val Gly Ala Ser Ser Arg Aq;> He Aiq tAi Ihr Ser Thr 
725 730 735 740 

CIC TOG GA GOB TMXXXSMXi AOOGIGAAO: OQGTIGAacr GIGACIGIGA 2716 
Leu Ser Val Ala 

745 

GIGAOGAOCS AAQCIGQCAl 00QSIGAA3A CIGCAGSAAT ACAATCITCA OGHTMSOCXr 2776 

CAGAGCMHA ACAIGAAIGA TGAASAOQGC OGAAOCAGAA GIGAATIGM; GM3GIM3IGA 2836 

TGATGAAATC TGAOOGAAGA GAGKIGITO ATCMXTIGr TOGAOCXAAG CIOCAAATIG 2896 

OJCCLXMJJS CKICIOOCM; ASAGAM3GAA CICTIOCnQC AOGASTICIG CICACIGAGA 2956 

AGAAGQoocG osmoGGic u cmrmw c ascGACKTOC a ooQC P caas CMncrrociG 3016 

TCAAACIQOC AOCAACA 3033 



32 



EP 0 562 003 B1 



FIG. 2 
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FIG. 3B 
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FIG. 6 
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Humicula grisea 
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